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INTRODrCTIOX 



Hv »l()SKi»n Silas Dillkh. 



Twonty years afro Crater Lake was unknown to the general publie, but since 
then a knowledge of its remarkable fcMitures has been spread al)road through the 
press, and Congress reeoj^nized its worth as an educational featun* and made it a 
national park by the act approved May *Jii, VM)2. 

As defined in the l)ill, the park is '"bounded north by the parallel forty-three 
decrees four minutes north latitude, south by forty-two de<^rees Forty -ei^lit mimites 
north latitude, east by the meridian one hundred and twenty-two de^n^es west longi- 
tude, and west by the meridian one hundred and twenty-two deufrees sixteen minutes 
west longitude, having an area of two hundred and forty-nine scjuare miles." 

The Ashland sheet of United Sbites (leologieal Surv(\y, on the scale of 4 mih»s to 
1 inch, includes the area l\'iiig between meridians 1:>2 and 1:^8 and parallels 42 and 
48^. This map in<*iudes the n^gion between Ashland and Crater Lake. On account of 
the great scientific interest of Crater Lake a special map, known as th(» Crater Lake 
special she(>t, was prepared on the scale of 1 mil(» to an inch, including the country 
immediately adjacent to Crater Lakc^ betw(»en meridians [22 and 122 15' and par- 
allels 42 50' and 48 4'. From these* two maps tlu* accompanying map of the Cniter 
Lake National Park (PI. I) has been prej)are(i. 

The two paper's })ublish(»d Ikmc refer })i-actically to {\w whole r(»gion includcHl 
in the National Park. The one. Part 1, treats primarily of the geology, the deve^l- 
opment of the great volcano. Mount Mazama, and its colla})si», wliich gave* birth to 
t'mter Lake; the otli(M*. Part II, deals with tho petrcgraphy, and giy(vs a special 
description of the various rocks occurring in th(» park. 

Or/'i/hf ffff/tf mimr M<tun1 MiiZiUmt^^, — A great impetus to tin* s|)read of infor- 
mation concerning Crat(M' Lake was gjven by the Mazamas of Portland, Oreg., who 
held a meeting at the lake in August, ISiMI, which attracted many visitors. The j)rin- 



«An account of tlu* •liscuvcry of CrattT l^iikc ami nMCn-iuc to its lit«*riitnrf will he fniiinl in Ma/ania. Vol. 1. Nt». "J. 
Cmter Ltikc immlx-r. is'jT: Nati(m«l (ie(»gmphi«; Maga/iiii', Vol. VIII. i». ;i;i. and the Annual Kc'p<jrl of the .SiMithw»niaii 
InstiUUion for 1.H97, p. 3o9. 
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6 OETILOOT OF CRATRR LAKE NAIIONAL PARK. 

cipal featare^ in the buton- of the lake had previously been made oat, and the 
Mazaoia». reco^izing the fact that the great peak which wan nearly destroyed in 
preparing the pit for the lake had no name, gave it the name of their own society. 
Upon the rim of the lake are a number of small peaks, each having its own designa- 
tion. The term Mount Mazama refers to the whole rim encircling the lake. It is 
but a mere remnant of the once lofty peak, the real Mount Mazama, which rose far 
int^> the region of eternal snow. To get a basis for reconstructing the original 
Mount Mazama it is ne<;essar}' to study in detail the structure and composition 
of its founrlation. now so attractively displayed in the encircling cliffs of Crater 
littke. 

ROUTEH TO CRATER I^KE. 

(*rater I^ake is deeply set in the summit of the Cascade Range, about 65 miles 
north of the California line. It can be reached only b}- private conveyance over 
alxiut 80 miles of mountain roads from Ashland or Medford, on the Southern Pacific 
Kailrr^, in the Rogue River Valley of southern Oregon (see fig. 1, p. 18), or from 
Ager, on the same railroad, in northern California, by way of Klamath Hot Springs 
and Klamath Falls. 

Rogue River Valley marks the line between the Siskiyou Mountains of the 
Klamath group on the wast and the Cascade Range on the east. The journey from 
the railroad to Crater Lake affords one a good opportunity to observe some of the 
most important features of this great pile of lavas. The Cascade Range in southern 
Oregon is a broad irregular platform, terminating rather abrupt!}^ in places, especially 
at the wcxstem border, where the underlying Cretaceous and Teitiary sediments 
cx)me to the surface. It is surmounted by volcanic cones and streams of lava, which 
are generally smooth, but sometimes rough and rugged. The cones vary greatly 
in size and are distributed without regularity, a feature which is well illustrated in 
PI. II. The photograph was taken across the western edge of Crater Lake. The 
sharp pe^k on the right is Union Peak and in the distance is Mount Pitt. Each 
conical hill has been an active volcano. The fragments blo.wn out by violent 
eruption have fallen alK>ut the orifice from which they issued and built up cinder 
(jones. From their l)ases have spread streams of lava (coulees), raising the general 
level of the country between the cones. At some vents many eruptions, f)oth 
explosive and effusive, have built up large cones, like Pitt, Shasta, and Hood. 
Their internal stru(;ture is revealed by the walls of the canyons carved in their 
slopes, and they are found to be composed of overlapping layers of lava and volcanic 
(conglomerate. This type of structure is well illustrated in the base of Mount 
Mazama. 

TJie Dead Indian route from Ashland^ Oreg, — The journey from Ashland 
by the Dead Indian road crosses the range where the average altitude is less 



ROTTTKS TO CRATER LAKK. i 

than 5,000 feet, and affords a fair view of the low part of the mng^e traversed 
by the Klamath River. A much better creneml view of the larjrer features of 
the range, and especially of the (Jrater Lake region, may }>e obtained from 
Mount Pitt (elevation J>,760 feet), w^hieh lies within a two days' trip from this 
road at Lake of the Wo(kIs. The road skirts Pelican Hav of Klamath I^ake, 
famous for its fishing, and after running northward for about 2H miles along the 
eastern foot of the ninge it ascends the slope along the canyon of Anna (yre(»k 
to the rim of Crater Lake. 

77te Kliimafh Fnlh r<p\ii*' frnm A(/f^f\ (Vtl.- -The approach from the (»ast may 
be made also by a longer route, leaving the railroad at Ager, Cal., and traveling 
])V stage road along the Klamath River, through the Cascade Range to Klamath 
Falls and Fort Klamath, from which point Crater Lake is only '2o miles distant 
by way of the Anna Creek road, already noted. The older tilted lavas of th(* 
Cascade Range dipping to the east are well exiK)sed on this route at many 
points along the Klamath River road l)etween Ager and Klamath Hot Spring." 
Across the edges of thes(» lavas, nearly 1,000 feet above the present river })ed, 
in an ancient wide valley of the Klamath River, associated with gentle topographic 
relief at higher levels. Later lavas hav(* crossed the range in this wid(» old valley 
and the Klamath River has cut a deep canyon in them. Within this young can- 
yon, north of Bogus post-office, there has been a volcanic eruption, forming a dam 
across the Klamath and a consequent ponding of the river, in which a mass of 
white diatom earth wan formed. The products of this eruption are much younger 
than any others known to the wniter in the neighboring ]X)rtion of the Cascade 
Range. ^ 

The Rogue Rivet' r<n(te front Medford^ Ornj, — From Medfoi'd the road by 
way of Rogue River, although 75 miles in length, is somewhat the shortest route. 
It affords some fine views of the canyons and rapids of that turbulent stream 
and of the high falls, where it receives its affluents, especially Mill Creek, Inflow 
Prospect. A few miles below the mouth of Union Crei^k is a remarkable natural 
bridge of lava, but some distjince from the main road. Striking features along 
the roads on both sides of the mountain, within 20 miles of the lake, are the 
plains developed upon a great mass of volcanic detritus filling the valleys. 
Acix)ss these plains Anna Creek and Rogue River have carved deep, narrow 
canyons with finely sculptured walls, whic^h th(» roads follow for som<» distance. 

The main road, whose grad(* is in geneml very gentle, crosses the summit 8 
miles south of C/mter Lake, and from the western slope near this point the crest 
of the rim is reached by a road with several heavy grades. There are good 
camping grounds with plenty of pasture on Castle Creek beyond the forks of th(* 



aThis celebnited health resort has a kimhI hotel, line wenery, hunting, and Hshing. 



O GEOLOGY OF CRATER LAKE NATIONAL PARK. 

road and within 2^ miles of the lake. At the end of the road, on the rim of 
Crater Lake, the camping places are fine, but pasture and water are not so 
abundant nor so easily obtained. There are as yet no hotels nor permanent 
acconmiodations for travelers at the lake, but during August and September, the 
most favoi*able months for visiting the lake, temporary accommodations should be 
provided and travel encouraged. 

15XCURsio:n^8 aboiTt cratkr t^akb. 

By far the most impressive and, to the geologist, most important trip about 
Crater Lake is by boat from Eagle Cove along the western and northern shore 
of the lake to Cleetwood Cove and Rugged Crest, returning by way of the crater 
capping the cinder cone in Wizard Island. It can be made in a day, but may 
require hard rowing. The rare opportunity of traveling about in the interior of 
a volcano could hardly be anything else than intensely interesting. The descent 
by the trail and cruise along the shore disclose the alternateh^ overlapping sheets 
of andesitic lava and conglomerate of which the rim is composed. These are cut 
by dikes — a prominent one is at Devils Backbone, and smaller ones occur beneath 
Llao Ro<'k. Some of these are andesite, but others dacite. The great flow of 
Llao Rock, over 1,200 feet thick in places and tapering to thin edges on the 
sides, is dacite. It is younger than the andesites of the rim and tills an old 
valley. At Pumice Point layers of pumice and streams of dacite overlie platy 
andesite which was glaciated before the dacites were eiiipted, and at Cleetwood 
Cove is seen the inflowing dacite from Rugged Crest and the caved-in lava turmel 
to the northward. The latest flow of the rim is the tuffaceous dacite along the 
northeast crest from Pumice Point to the Wineglass, but later even than this is 
the excellent example of a little volcano which forms Wizard Island, with its 
cinder cone capped by a perfect crater summit, marking the vent from which the 
cinders were blown. From the island and the l)oat the glacial notches in the 
southern rim of the lake and the dacite flows of Cloud Cap and the eastern rim 
may be seen to greatest advantage. 

The most instructive day's walk from the rim camp (Camp 1 on map), ))ut a 
i*ather hard one, is along the western crest to Llao Rock. Glacial stria* are })est 
displayed along this portion of the rim. Andesites are exposed all the way to the 
Llao Ro(!k flow, which near the edge may be examined both a})ove and below. 
The inflow of Cleetwood Cove is clearly visible from a distance, and an excellent 
view of the crest of the Cascade Range may be obtained. 

Those who may wish to make a camping trip around the lake are advised to take 
a pack train and devote a number of days to the trip, as the distance around the crest 
of the rim is over 20 miles and over much of the route tjuveling is ditiicult. There 
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is no definite hors(» trail around the rim, hut a practical pack route, with camping 
places indicated by numbers, is marked upon the maj) (PI. I). 

The canyon of Sun Oeek is difficult to cross, as its western wall is precipitous. 
Near the notch there is pasture and good cami)ing, but lower down, where the trail 
crosses, feed and water are scarce. At C^amp 2, on the w(»st fork of Sand Creek, there 
is plenty of both. Camp 3 has many attractions besides the tine tirs and flowers. 
The great cliffs are inspiring, and the rustling of numerous little cascades gives a life 
t^) this inclosed camp that is not to })e found elsewhere about the lake. 

The ascent of the east side of Sand ('reek Canyon is stee]) and somewhat difficult, 
but the tine views of the lake from the eastern rim in the morning abundjuitly pay 
for the special exertion necessary to attain them. 

Camp 4 has some pasture and snow water. Beneath the large cliffs just north of 
the camp waU^r was obtained for the animals. To the northeastward a}x)ut 8 miles, 
in the line of the canyon heading at Cloud Cap, are tine springs and a cascade 50 
feet in height. There is considerable pasture here, but on the whole the place is less 
inviting for camping than locations close to the crest. From this camp the desc(*nt 
to the lake may easily be made at the "'wine-glass "-shaped slide of (irotto (.ove. 

At the head of Cleetwood Cove the crest is very rugged and somewhat difficult 
to cross with animals, but elsewhere travel along the northern rim of the lake is 
easy. Near the foot of Red Cone then» is good camping by a spring. At many 
points along the lower slope of the western rim of the lake there are fine camps, 
plentj^' of grass, wood, and water, but in the past the sheep have greatly injured the 
pasture. Near the crest (cliffs and rough talus slopes make traveling difficult and 
dangerous for animals. The eas^' and safe but longer route lies west of the cliffs 
to Camp 6, which is the main pasture camp of the region, with tine water. 
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IXTJU)I)rCTION. 

The t^roloofical record of tills couiitrv from the oarliost epochs to the present tunc 
is rei)lete with volcanic phenomena, but the climax ai)pears to have ])een reached in 
the earlier portion of the Neocene, when one of the largest known volcanic fields of 
th(» woi'ld was vigorously active in our Northw(»stern Stiites. This area of volcanic 
activity stretches from the Kocky Mountains to the Pacific, enibmcing a large part 
of Wyoming, Montana, Idaho, Washington, Oregon, and California, and presenting 
a great variety of volciinic phenomena concerning which, notwithstanding a copious 
literature?, then* has been as yet but a small amount of detailed investigation. 

The centnil feature in thc^ ^^^o'oK.^' <>f the Crater Lake National Park is the 
wreck of Mount Mazaina. and in order todescrib(» this more ch»,arly, it is necessary 
to consider bri(»tly thc^ general relations of the Cascade Range. 

C'ASCADK HAN(iK. 

LIMITS OF THE CASCADE RANGE. 



The western limit of the great volcani<* field is likewise the western border of the 
Cascade Range, which is nuuh* up at h^ast largely, if not wholly, of volcanic material 
erupted from a belt of vents extending from northern California to central Wash- 
ington. Lassen Peak marks the southern end of the Cascade Kange, and Mount 
Rjiinier is near the northern end. iieyond these peaks the older rocks rise from 
b(»neath the range an<l form prominent mountains, the range itself occupying a 
depression in these older terranes. 

FOUNDATION OF CASCADE RANGE. 

A clearer conc(»ption of the development of the Cascade Range may be gained by 
considering the geography of the n»gion during the later portion of the ( 'retaj'eous. 
At that time the coast of nortli(»rn California, On^gon, and Washington was subsid- 
ing with reference to sea level, causing the sea to advance upon the land. In Cali- 
t):^55— No. :\- i):i 2 17 
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foriiia the m^h nrai'ljcfil the wenUrn Ijsr^e of the Sierra Ne^siilii and n^vered a lar^ 
IJttrt« if not the whole, of the Khinuith Mountain^. In Waj^hin^rtmi it lieat upi>n the 
western liaMf of the rang^e near the e<jaf<t north of Mount Kainier. and in On*gun it 
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EOCENK HISTORY OF CASCADE RANGE. 19 

extended far into the interior. Marine deposits of this period oceur alon|^ tlie ))a«e 
of the Bhie Mountains in eastern Oregon, as the Caseade Range*, did not then exist in 
Oregon to shut out the open sea from that region. East of the Klamath Mountains, 
as shown by the position and distri})uti()n of the (Cretaceous rocks and fossils of 
marine origin, tlie open sea connected directly with the sea in the Sacramento Valley. 
The Cascade Kangt* throughout a large part of its extent rests upon ('retaceous rocks, 
and is associated in Oregon and California with a depression in th(^ older r(K*ks 
hetw(»en the Klamath Mountains on the one hand and the Blue Mountjiins and Sierra 
N(»vada on the other. This dc^pressed area })eneath the lavas of the Cascade Range 
nmst not he regarded primarily as a region of subsidence, as its chief movement 
since the (.'retaceous has been upward, above the sea. The Klamath and Blue moun- 
tains, as well as th(» Sierra Nevada, however, have been elevaU^d so much more than 
the base of the Cascade Range that it would apptnir on the surface as a depression 
were it not tilled with lava. The depression is so deep where the Cascade Range is 
cut across by the Klamath and Columbia rivers that the ))ottom of the lavas forming 
the bulk of the range is not reached. However, at the ends of the range the older 
rocks rise to form a more or less elevated ba.se for those parts of the range, and at 
Mount Shasta, as well as on the* divide betwecMi the Rogue and Umpqua rivers where 
an arch of the older rocks extends northeasterly from the Klamath Mountains toward 
th(» Blue Mountains of eastern Oregon, the Cascade Range gets so close to the west- 
ern side of the depression that the lavas lap up over the arch of older rocks rising to 
the westward. At various points of the ninge gmnolitic rocks, such as gabbro and 
diorite, occur; but the* dc^ep erosion at these points may have reached the granolites 
corn»sj>onding to the lavas of th(^ upper portion of the range. 

EOCENE HISTORY OF CASCADE RANGE. 

Th(»i*e can be no reasona}>le doubt that fossiliferous C'retaceous rocks of 
marine origin an» widely distributed beneath the .Cascade Range from l>assen Peak 
to th(^ Cohim})ia, and that during the C^hico ejK)ch the whole area was beneath 
the sea. At the close of the (Vetnceous, important changes occurred in the dis- 
tril)ution of land an<l sea. Northern California, as w(»ll as southern Oregon, was 
raised ai)ovc the sea excepting th<» Coast Range r(»gion north of Rogu(» River, 
which renjained luMieath the svii during the early part of the Tertiary. The 
marine deposits of the Kocen<' period in the vicinity of Roseburg run under the 
Cascade Kang(\ i)ut havi* not yet b(»en found on th(» eastern side. The con- 
glomerutes of tin* Kocen<', like those of the Cretaceous, contain many pebbles of 
igneous locks. but they avo of typ(»s connnon to the Klamath Mountains and are 
rare or unknown among the lavas exposed in the* Cascade Kang<». During the 
Kocene there was vigorous volcanic activity" in the Coast Range of Oregon, but the 

"Sovcnteenth Ann. Ko]A. V. S. (iool. Survey. Turt I. 18%, p. 4r)6. 
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IXTJM)I>rCTJ()N. 

TIh' <^cM)l<)^ical record of this comitrv from the oiirliost epoths to the present tinio 
Is rej)U»te with volcunic phenotiuMui. hut thr climax appears to have been reached in 
the earlier portion of the Neocene, when on<» of the largest known volcanic fields of 
the world was vigorously active in our Northwestern States. This art>a of volcanic 
activity stretches from the Rocky Mountains to the Pacific, embracing a large part 
of Wyoming, Montana, Idaho, Washington, Oregon, and California, and presenting 
a great variety of volcanic phenomena concerning which, notwithstanding a copious 
literature, there has been as yet but a small amount of detailed investigation. 

The centml feature in the geology of the Crater Lake National Park is the 
wreck of Mount Ma/ama. and in order to describe this more clearly, it is necessary 
to consider briefly the gc^niMal relations of the Cascade Range. 

('AS( ADK HANCiK. 

LIMITS OF THE CASCADE RANGE. 

The western limit of the great volcanic field is likewise the western border of the 
Cascade Range, which is made up at least largely, if not wholly, of volcanic material 
erupt(»d from a belt of vents extending from northern ('alifornia to central Wash- 
ington. Lassen P(»ak marks the southern end of the Cascade Rang(\ and Mount 
Rainier is near the northern end. Beyond these peaks the older rocks rise from 
beneath the range and form promim^nt mountains, the range itself occupying a 
depression in these* older t(»rran(»s. 

FOUNDATION OF CASCADE RANGE. 

A clearei* conception of the (U»velopment of the (-ascade Range may be gained by 
considering th*' geography of the region during tin* lat(»r portion of the Cretaceous. 
At that tinn* the coast of northern California, ()n»gon, and Washington was subsid- 
ing with reference to M»a level, causing tin* sea to advanc*' upon the land. In Cali- 
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fornia the sea reached the wesU»rii base of the Sierm Nevada and covered a lar^e 
part, if not the whoh% of the Khiniath Mountains. In Washinj^ton it In^t upon the 
western base of the mnjife near the coast north of Mount liainier, and in Oregon it 




Fio. 1.— Map showing routes to Crater I^Hke. 
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extondod fur into th(» interior. Marine deposits of this period occur alon^ the liase 
of the I^hie Mountains in eastern Oregon, as the Cascade Rang(», did not then exist in 
Oregon to shut out the open sea from that region. East of the Klamath Mountains, 
as shown by the position and distribution of the Cretaceous I'ocks and fossils of 
marine origin, the open sea connected directly with the sea in the Sacramento Valley. 
The Cascade* Kjinge throughout a large part of its extent rests upon (Jretiiceous ro<'ks, 
and is associated in Oregon and ( ■alifornia with a depression in the older rocks 
between the Klamath Mountains on the one hand and the Blue Mount^iinsand Sierra 
Nevada on tlu» othei*. This d(»pressed ar(»a beneath the lavas of the Cascade Kange 
nuist not i)e regarded primarily as a region of subsidence, as its chief movement 
since the Cretaceous has been upward, above the s(»a. The Klamath and Blue moun- 
tiiins, as well as the Sierra Nevada, howevcu*, hav(» betMi elevati^d so much more than 
the base of the Cascades Rjinge that it would appear on the surface* as a depression 
were it not filh^d with lava. The depression is so deep where the Cascade Kange is 
cut across In* the Klamath and Columbia rivers that the bottom of the lavas forming 
the bulk of the range is not reach(»d. However, at the ends of the range the older 
rocks rise to form a more or less eh^vated base for those parts of the range, and at 
Mount Shasta, as well as on the divide between the Rogue and lJmp(|ua rivers where 
an arch of the older rocks extends northeasterly from the Klamath Mountains toward 
the Blue Mountains of eastern Oregon, the Cascade liange gets so close to the west- 
ern side of the de])r(\ssion that the lavas lap up over the arch of older rocks rising to 
the westward. At various points of the nmge gmnolitic rocks, such as gabbro and 
diorite, occur: but the deep erosion at thes(» points may have* reached the granolites 
corresponding to th<» lavas of thi* up])er ])ortion of the range. 

EOCENE HISTORY OF CASCADE RANGE. 

There can be no reasonabh* doui)t that fossiliferous Cretjiceous ro(!ks of 
marine origin are widely distributed i)eneath the Cascade Kange from I^issen Peak 
to the Cohunbia, and that during the Chico epoch the w^hole area was beneath 
the sea. At the close of the Cn»taceous, important changes occurred in the dis- 
trilmtion of land and sea. Northern California, as well as southern Oregon, was 
raised a))ove the sea excepting the Coast Kange r<»gion north of Kogue River, 
which remained heneath the sea during the early part of th(» Tertiary. The 
marine deposits of the KoctMie jxM'iod in the vicinity of Roseburg run und(»r the 
Cascade Range, luit have not vet been found on the eastern side. The con- 
glomerates of the Kocenc*, like those of tlu* (^retaceous, contiiin many p(»bbles of 
igneous rocks, !)ut they are of types connnon to the Klamath Mountains and are 
rare or unknown among tiie hivas (»xposed in the Cascade Range. During the 
Ko(M»n(* there was vigorous volcanic activity" in the Coast Range of ()n»gon, but the 
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n-t'oril of oiirh a^rtivity b&* ik^ yet ^Mf«;n ff^und in the Cmni-adtf Ranj^. Hat vol- 
^'^fUft'* W4rn' a/;ti%'#? aU>n^ the runffe durii^ the Eof:«fne U rvmdeivd luure pro(«ible. 
altiH#<i$;h fi'/t vK ^li'vonrl f|ii#9^tk>n. by I>r. J. C Merruun'- dwn^^^ry uf Eotrene 
voU-zutir flt'fttr^it" in thi* John liay nrjnon." 

MIOCENE HISTORY OF CASCADE RANGE. 

'd^'H' 'nn li«* no doubt, however, that during the Miix-ene'* the voh-unoi"^ <>f 
thi' ilnAt-afU* iiange were nio^t active and the greater portion of the mnge was tmilt 
fi|i. although ft !.•« <-i|ually certain that voh-anic ai-tivity continued in the same 
region at n nuritU'r of |M>int/4 alnuMt to the pre^^ent time. While it may be sur- 
riiiwd that th«' vohnnrif^n of the CaiM^ade Range are extinct, there are many solfa- 
tira««. hot •4prfngA. and funiaroU». j^howing that volcanic energy i.> not yet wholly 
di^^iliated. All the |N;ak.H <if the Cascade Range were om-e ac-tive volcanoe:^. and 
from them <'ame rur^^t of the lava of the range. Each great volcano was surrounded 
within Um province^ at h;aMt during the later stages, by numerous smaller vent< 
from which Imhuc^I the lava that filled up the intervening spaces and built up the 
platform of the range. 

All of the gn'at volcancjes of the range probablv had their lieginning in the 
>fi#K'i*ne. Many of them, like Lassen Peak and Mount Shasta, continued their 
m'tivfty int^i the Cilacial epoch, and have suffered much erosion since their last 
eruptiouH. In this manner important structural differences have lieen brought to 
light among the [M*aks alK>ut the headwaters of the Umpc|ua. Rogue, and 
Klatnath rivers, and them* may Im; noted as throwing some light u])on the history 
of Mount Mazatna. 

I'NION i»KAK. 

I'nion IV4ik (elevation <,H8l feet) is on the summit of the C'ascado Range, in 
Oregon, alNiut oO miles north of the California line and s miles southwest of Cmter 
I/nke. It is a sharp, conical {K^ak (PI. Ill, .1) rising aljout 1,400 feet a)H)vo the 
general level of the <'r(»st of the range. Alxmt the ]miic upon the east and west 
si<les, as well as upon it^ summit, are remnants of the original tuff cone, but the 
mass of the pe4ik ex|M)sed on all sides is of solid lava. The molten material did 
not sink away after th<» final eruption. The volcanic neck resulted from the 
cooling of lava within tin* cinder cone in the top of the volcanic chimney. 
Union Peak to-day shows us the neck stripjx^d of its cinder cone. 

MOrNT TIIIKJ^^EX. 

Mount Tlii<»lsen (elevation i),25() feet), the Mattcrhorn of tiie Cascade Range, 
Is 12 nnh»s north of Cmter Ijjike and rises about 2,000 feet above the general 
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and grvAiW enhani-*^ the depth of the prospect. Th#* lake is about 4^ miles wide 
and ^H niilen lon^. with an area of nearh' 2o^ square miles. 

From the wrnxled slope* a short distance* within the rim at Victor Koi>k, an t»xeel- 
lent general view of the lake may J>e obtained. The tirst |K>iiit to catch the eye is 
Wizard Island, lying nearly 2 miie^ away, near the western margin of the lake. Its 
irregular western edge and the steep but symmetri<*al truncated cone in the eastern 
f)ortion are very suggestive of volcanic origin. We can not, however, indulge our 
first impulse to go at once to the island, for the various features of the rim are of 
greater imix>rtance in unraveling the earlier stages of its geological history. 

On the left is the western iKirder of the lake shown in PI. IV, with the Watch- 
man, (ilairier Peak, and Devils IW'klxme opposite Wizard Island, and Llao Rock 
lieyond. These features, with Victor KcK-k in the foreground instead of the Watch- 
man, are mu<rh more clearly shown in PI. V, from an excellent photograph by Mr. 
Cunningham. On the right is the southern l>order of the lake. Castle Crest, Kerr 
Notch, Scott Peak, Sentinel Krx'k, and Cloud Cap appear in the distance along the 
rim. The lx>ldest part of the southern rim is cut off from this view by Castle Crest. 
A more complete geneiul idea of CraU^r I^ake and its surroundings may Ik? obtained 
from the map, PI. VI. The broad, gentle outer slope, with an inclination ranging 
from \(y to 15-', is in strong contrast with the abrupt inner slope, witii its many 
(tllffs. This difference is well expressed by the relative position of the contours 
in the map. The vertical interval of the contours is KM) feet. On the inn(»r slojie 
the vouUmvH are crowded close together to show an incline so steep that one needs 
to travel but a short way to descend lOO feet, while on the outer slope the contours 
are so far a[>art that one needs to travel a considerable portion of a miU* to descend 
the same distance. The outer slope at all ix>ints is away from the lake; and as the 
rim rises at hjast a thousand feet above th(» general level of the crest of the range it 
is evidently the liasal portion of a great hollow cone in which the lake is contained. 

In addition to the strong (;ontrast between the outer and inner slopes of the 
rim the map shows the*. oceurrenc(» of a number of small cones on the outer sl()|)e 
of the great <rone. These adnate cones have peculiar signiticance when we come 
U) consider tlu^ volcaniir rocks of which the region is composed. The rim is 
rib})ed l>y ridges and spurs radiating from the lake*, and the? head of each spur 
is markt^l by a prominence on the crest of the rim. The variation in the altitude 
of the rim (Test is l,4H0 feet, with seven points rising abovt* s.uOo feet. The 
crest g(inerally is passable, so that a pedestrian may follow it continuously around 
(he lake, with the exception of short inU^rvals on the southern side where the 
sharjx^st portion of the rim occurs in Castle Crest. At many points around the 
rim of the lake the best route is on the inner side, where the open slope, generally 
well marked with deer trails over !)eds of pumice, affords an unobstructed view 
of th(» majestic sheet of water. 
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extended far into tho interior. Marine deposits of this period occur alon^ the Iwise 
of the Bhie Mountains in eastern Oregon, as the Casc^ade Kange did not then exist in 
Oregon to shut out the open s(mi from that region. Kastof the Klamath Mountains, 
as shown by the position and distribution of the C cretaceous rocks and fossils of 
marine origin, the* open sea connected directly with the s(»a in the Sacmmento Valley. 
The Cascade Range throughout a hirge part of its extent rests upon ( -retiiceous rocks, 
and is jissociated in Oregon and California with a depression in the older rcwks 
between the Klamath Mou?itains on the one liand and the Blue Mountains and Sierra 
Nevada on the other. This depressed area beneath the lavas of the Cascade Range 
nuist not !)e regjirded primai'ily as a region of subsidence, as its chief movement 
since the C'retaceous has been upward, above the sea. The Klamath and Bluemoun- 
tiiins, as well as the Sierra Nevada, however, have !)een elevated so iiuich more than 
the base of the Cascade Rangi* that it would appear on the surface as a depression 
were it not tilled with lava. The depn^ssion is so deep where th(; Cascade Range is 
cut across })y the Klamath and Columbia rivers that the }M)ttom of the lavas forming 
the bulk of the range is not reached. However, at the ends of the range the older 
rocks rise to form a more or less elevated base for those parts of the range, and at 
Mount Shasta, as well as on the divide between the Rogue and Cmixjua rivers where 
an arch of th(» older rocks extends northeasterly from the Klamath Mountains toward 
the Blue Mountains of eastern ()l•(^gon, the Caswule Range gets so clost* to the west- 
ern side of tlu» depression that the lavas lap up over the arch of older rocks rising to 
the westward. At various points of the range* granolitic rocks, such as gabbro and 
diorite, occur; but the deep erosion at these points may have reached the granolites 
corresponding to th(» lavas of the up])er portion of the range. 

EOCENE HISTORY OF CASCADE RANGE. 

There can be no reasonable doubt that fossiliferous C'retaceous rocks of 
marine origin are widely (listribut(»d beneath the .Cascadi* Range from Lassen Peak 
to tlu^ Colum!)ia. and that during the (^hico epoch the whole area was }>eneath 
the sea. At the closi* of the Cretaceous, important changes occurred in the dis- 
tri}>ution of land and s<»a. Northern California, as well as southern Oregon, was 
mised abov<» the sea excepting the Coast Range i'(»gion north of Rogue River, 
which remainc^d beneath the sea during the early part of the Tertiary. The 
marine deposits of the Kocene period in the vicinity of Roseburg run under the 
Cascade Raiiire, but hav*' not vet Ix'en found on th(» eastern side. I'he con- 
glomerates of the Eocene, like those of the Cretaceous, contain many pebbles of 
igneous rocks. ))ut they are of type's connuon to the Klamath Mountains and are 
rare or unknown among the lavas <»xposed in th<» Cascade liiinge. During the 
Eocene there was vigorous volcanic activity" in the ('oast Range of Oregon, but the 
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record of sucli activity han not vet been found in the Cascade lianyfc. That vol- 
canoes were active along the range during the Eocene is rendered more prolmble, 
although not yet Ix^yond (|ue8tion, by Dr. J. C. Merriani's discovery of Eocene 
volcanic deiKxsits in the John Day region." 

MIOCENE HISTORY OF CASCADE RANGE. 

There can be no doubt, however, that during the Miocene'' the volcanoi^s of 
the Cyas<*ade liange were most active and the greater portion of the mnge was built 
up, although it is equally certain that volcanic activity continued in the same 
region at a immber of points almost to the present time. While it may be sur- 
mised that the volcanoes of the Cascade Range are extinct, there are many solfa- 
tiinis, hot springs, and fumaroles, showing that volcanic energy is not yet wholly 
di.ssipatcd. All the peaks of the Cascade Range were once active volcanoes, and 
from them came mo.st of the lava of the range. Each great volcano was surrounded 
within its province, at least during the later stages, by numerous .smaller vents 
from which i.ssued th(» lava that iilled up the inten'ening spaces and built up the 
platform of the ninge. 

All of the great volcanoes of the mnge probably had their l>eginning in the 

Miocene. Manv of them, like Lassen Peak and Mount Shasta, continued their 

activity into the Glacial epoch, and have suffered much erosion since their last 

eruptions. In this manner important structural differences have been brought to 

light among the peaks about the headwaters of the IJmpqua. Rogue, and 

Klamath rivers, and these may be noted as throwing some light upon the history 

of Mount Mazama. 

I XIOX PEAK. 

Union Peak (eh^'ation I^SHl feet) is on the summit of the Cascade Range, in 
Oregon, alK)ut 50 miles north of the California line and S miles southwest of Cmtcr 
Lake. It is a sharp, conical peak (PI. Ill, ^1) ri.sing about 1,4CK.) feet alMjve the 
geneml level of the crest of the range. About the Imse upon the east and west 
sides, as well as upon its summit, are remnants of the original tuff cone, but the 
mass of the peak exposed on all sides is of .solid lava. The molten material did 
not sink away after the final eruption. The volcanic neck resulted from the 
cooling of lava within the cinder cone in the top of the volcanic chimney. 
Union Peak to-day shows us the neck stripped of its cinder cone. 

MOLXT T111EL.8EX. 

Mount Thielsen (elevation t),25() feet), the Matterhorn of the Cascade Range, 
is 12 miles north of Crater Lake and rises at)out 2,(X)0 feet above the general 
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loA'el of the crest of the ninge. It is built up of f)right-rod, yellow, and brown 
hiyers of tuff, iiiterbedded with thin sheets of lava, and is cut f)v a most interestinjjf 
network of dikes radiating from the center of the old volcano. No tmce of a 
volcanic neck is present — the ])eak is but a remnant carved out of the lava and tuff 
cone surrounding the vent. After the final eruption the molten material withdrew 
from the cone before consolidation, so as to leave no volcanic neck corresponding 
to that of Union Peak. The subsidence within the chimnev of Mount Thielsen 
after eruption nmst have been over 1,()(M> feet, for the sheets of lava effused 
from that vent reach mon* than l.(K)0 foot abovi* the* exposed tliroat of the old 
volcjino. 

MOT NT MAZAMA. 

On the rim of Cniter Lake there once stood a prominent peak to which the 
name Mount Mazama has l>een giv(»n. Mount Mazama is practic4illy unknown to 
the i^eople of Oregon, but they are familiar with Crater Lake, which occupies the 
depression that resulted from the wreck of the great peak. The riMunant of 
Mount Mazama is most readilv identitied when referred to as the "• rim of Crater 
Lake."' The wrecking of Mount Mazama was the crowning event in the volcanic 
history of the Cjiscade Range, and re^sulted from a movement similar to that just 
noted in Mount Thielsen but vastly greater in its size and conseciuences. This 
volcanic activity culminated in the development of a great pit or caldera, which for 
gmndeur and l)eauty rivals anything of its kind in the world. 

GENERAL FEATURES. 

The rim encircling Cniter Lake, when seen from a distance from any side, 
appears as a broad cluster of gently sloping peaks rising about 1,(KM) foot above 
the geneml crest of the range on which they st4ind. A good view is obtained 
from the road along Anna Creek, where the southern portion of the rim appears 
as shown on PI. Ill, /A Here Cjistle Crest and Vidae Peak are the most i)rominent 
features, with the canyon of Anna Creek in th(» foreground. The topographic 
prominence of iVIount Mazama can b(» more fully realized when it is (u)nsidered that 
it is close to the head of Kogue, Klamath, and rmi)qua riveiN. These are the only 
large streams breaking through the mountains to the sea between tho Columbia and 
the Sacnunonto, and their watershed might bo expoct^nl to b(» the principal i)eak of 
tho Cascade Kange. 

To one arriving by the road at the crest of the rim, tho lake in all its majestic 
beauty (PI. IV) appears suddenly upon tho scene, and is i)rofoundly impressive. 
The eve beholds 20 miles of unbroken cliffs, tho remnant of Mount Mazama, 
ranging from over 500 to nearly 2,000 feet in height, encircling a deep, blue sheet 
of placid water in which tho mirrored walls vie with tho original slopcvs in brilliancy 
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and greatly enhance the depth of the prospect. The lake \h about 4^ miles wide 
and 6i miles long, with an are^ of nearly 2(>i square miles. 

From the wooded slope a short distance within the rinj at Victor Rock, an excel- 
lent general view of the lake may he obtained. The first point to catch the eye is 
Wizard Island, lying nearly 2 miles awa\', near the western margin of the lake. Its 
irregular western edge and the steep but symmetrical truncated cone in the eastern 
portion are very suggestive of volcanic origin. We can not, however, indulge our 
first impulse to go at once to the island, for the various features of the rim are of 
greater importancre in unraveling the e4irlier stages of its geological history. 

On the left is the western border of the lake shown in PI. IV, with the Watch- 
man, (xlacier Pe^ik, and Devils Backbone opposite Wizard Island, and Llao Rock 
l)eyond. These features, with Victor Rock in the foreground instead of the Watch- 
man, are much more cleurly shown in PI. V, from an excellent photograph by Mr. 
Cunningham. On the right is the southern border of the lake. Castle Crest, Kerr 
Notch, Scott Peak, Sentinel Rock, and Cloud Cap appear in the distance along the 
rim. The boldest part of the southern rim is cut off from this view by Castle Crest. 
A more complete geneiul idea of Crater Lake and its surroundings may be obtained 
from the map, PI. VI. The broad, gentle outer slope, with an inclination ranging 
from 10-^ to 15*^, is in strong contrast with the abrupt inner slope, with its many 
cliffs. This difference is well expressed by the relative position of the contours 
in the map. The vertical interval of the contours is KM) feet. On the inner slope 
the contours are crowded close together to show an incline so steep that one needs 
to travel but a short way to descend 1(K) feet, while on the outer slope the contours 
are so far apart that one needs to travel a considerable portion of a mile to descend 
the same distance. The outer slope at all points is away from the lake; and as the 
rim rises at least a thousand feet above the general level of the crest of the range it 
is evidently the Ijasal portion of a great hollow cone in which the lake is contained. 

In addition to the strong contrast between the outer and iimer slopes of the 
rim the map shows the oc^^urrence of a number of small cones on the outer slope* 
of the great cone. These adnate cones have peculiar significance when we come 
to consider the volcanic rocks of which the region is composed. Thi^ rim is 
ribbed by ridges and spurs radiating from the lake, and th(» head of each spur 
is marked by a prominence on the crest of th(» rim. The variation in the altitude* 
of the rim crest is l,4f)0 feet, with sevTn points rising abov«^ s,00() feet. Fhi* 
crest generally is passable, so that a pedestrian may follow it continuously around 
the lake, with the exception of short int(*rvals on the southern side wht^re the 
sharpest portion of the rim occurs in Castle Crest. At many points around the 
rim of the lake the best route is on the inner side, where the open slope, gerjerally 
well marked with deer trails over beds of i)umice, affords an unobstructed view 
of the maiestic sheet of water. 
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The best way to get a comprehensive view of the Imse of Mount Mazama is 
to travel around the crest of the rim, }»ut the structure is seen to greatest advantage 
from a boat on the lake. 

LAVAS OF MOUNT MAZAMA/' 

There are three types of lavas in Mount Mazama — andesites, dacites, and 
btisalts — and their areal distribution is represented on the a(H'ompanying map 
(PI. VI). The iimnediate rim of the lake is made up wholly of andesites and 
dacites, chiefly the former; the basalts are limited to the outer slope. They came 
from the smaller vents around the bjise of the larger cone. 

The theory of magmatic differentiation, so ably advocated by Professor Iddings 
and others in this country to explain differences in lavas erupted from the same 
volc4inic center, accords well with the course of events in Mount Mazama. Ita 
eruptions began with and long continued to be composed of lava having interme- 
diate composition. This lava was followed first by less siliceous lava, the Imsalt 
from a numljer of small vent« on the flanks of the great volcano, and flnallv by the 
dacites, which (.'losed the petrographic cycle, ft is possible that the basalts and dacites 
may have been in part contemporaneous, but the last eruption from the great moun- 
tain was of da(»ite. Then came the great engulf ment, and a new petrographic cycle 
l)egan with the andesite of Wizard Island. 

ANDESITES. 

Andesites constitutes by far the greater portion of the lavas of Mount Mazama. 
A rough estimate makes their volume at least ten times the combinc^d volume of the 
dacites and basalts. They form almost the whole of the inner slope of the rim, 
where the overlapping sheets of successive flows appear in section in their order 
of eruption, from the earliest to the latest. Flows lying at a depth of nearly 
2,000 feet beneath the mountain slopes are seen, but a nuich larger amount of flows 
still deeper is unexposed. Wen» it possible to remove the water of th(» lake, the 
thickness of the exposed lava would be nearly doubled, and there is no evidence 
to show that its character is very different from that which now outcrops by the 
wat(M''s edge around the lake. However, at still greater depths there probably occur 
Tertiary and Cretaceous sediments resting on older rocks similar to those of the Kla- 
math Mountains. Hornblende- and mica-andesites, which are commonly associated 
with the hypersthene-andesites of the great volcanic centers of the Cascade Range- 
as, for example, Lassen Peak, Mount Shasta, and Mount Hood — have not been found 
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in Mount Mazanm. Traces of hornblondo weiv olisoryod in onlv two of tho hviM^r- 

m, • t 

i!*then(»-and<\sites rollocted; ono of thos4» is a massivo shoot noarlv KM) foot thick alon<; 
the tmil near the {H)int whoro it l)egins tho dosoont to tho hike (44)," and tho other 
is a gray lava (45) on tho slope of C-astlc Crest. 

The oldest flows exposed on the southwest sid(» of tho hike are repn^sented hv 
specimens Nos. 24, (U, 11, and 1*)8. They are overlain l)v many streams which succes- 
sively issued and spread from the sunmiit or up|XM* slopes of Mount Mazama. Tho 
flows vary greatly in size and number in ditferent portions of tho rim. In places as 
many as ;^o superimiwsed layers, mixed with many fwuls of fnigmontal material, make 
up the wall of the rim. The largest number of flows exposed in ono s(»ction occurs 
about Sun Creek Notch. Manv flows are 80 to 40 foot in thickness. Under Castle 
Crest nearly a score appear in this steep slope, and they ningo from 3o to 8o foet in 
thickness. IVtween many of them are layers of volcanic conglomonite, which are 
usually thin, and, l)eing softer, less prominent. In tho wost<M'n rim flows are not so 
numerous, and conglomerate was estimated to form about one-fourth as large a 
mass as the solid lava. More fragmental material appears to have accomi>anied tho 
earlier than the later flows, and on the whole there is a larger pro{>ortion in the rim 
at the head of Anna Creek than elsewhere. In the P^st Palisade (PI. VII, /i) tho 
thickest flow of andesite is well oxix>sed. It is cut by many joints, roaches more 
than halfwav from the water to the ci*est of the run, and has a thickness of noarlv 
500 feet. 

The thickness of any flow upon the mountain slope dep<Mided chiefly uix>n the 
amount of lava, its liquidity, and the inclination of the surface over which it flowed. 
Many of the sheets are uniformh^ thin. They follow tho out(»r sloix* for consid- 
erable distance, and indicate a moderate supply of lava that flowed easily. Other 
flows, as that of the Palisades, filled valleys in tho outer slo{)o of Mount Mazama 
and varied greatly and abruptly in thickness, l>ec()ming very thin on th(»ir edges. 
The thickest of all the flows, however, is the groat dacito flow of Llao Kock, which 
is over 1,200 foet thick over the middle of an old vallev. Tho niatorial was ovi- 
dently very nuich less fluent than the andesites, for tho flow, although thick, is short 
and narrow. 

In distribution the andesites on the outer slope* of the rim are divided into 
ten areas, and each may be designated l)V sonn* contained foatun*, as Tho Watchman, 
Ciistio Creek, Munson Point, Union Peak, Eagle C-rags, Dutton Clifl, Sentinel Kock, 
Round Top, Bear Creek, and SteelBay. All these areas arc i)ractically joined by a 
complete ring of andesite exposed uix)n the inner slope of tho rim of th(» lake. In 
' addition to these areas around the rim is Wizard Island, which is also composed of 
andesite. 



"The rwk rollci'tion to whi<U the iiuiiibors refer is in ihe Naiioiiiil Milium WuvhiiiKtoii, 1). C. 
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WATCHMAN' AXDKSITK AREA. 



The area of which The WaU'hinan is part contains a number of separate flows, 
but upon the map they are not distinguished. They are particularly well expased 
bj' numerous cliffs, but in nmch of the area they are covered by f^lacial material. 
Although the flows are nuich alike when compared with one another, there is consid- 
erable variation within each flow. The holocrystalline gray forms, like No. (»0, pass 
into the type like No. i) — dark, porous, soft, and crumbly, but rich in amorphous 
matter- and No. 26, which is decidedly vitreous. The composite character of the 
flows may l>e F)est seen upon the inner slope, where their sections are exposed. The 
andesites are generally gray, and may be reddish. They are seldom as vitreous as 
No. 20. No. Go has a decidedly platy structure, which is locally well marked, 
although al>sent at other points. The plat(\s are usually about one-half inch to an 
inch in thickness, and strike N. 70- K. nearly parallel to the spur, with a dip of 
25- NW. The thickness of the plates at each outcrop is rather uniform, but it 
varies between the outcrops. 

At The Watchman and Glat'ier Peak the layers of lava have a decided upward 
curve when viewed from the lake, and suggest that the* volcanic vent from which 
the lavas of that portion of the rim issued was not central over the lake, but much 
closer to the western border. This view is fullv Iwrne out bv the character of the 
igneous material in (llacier Peak. It is composed in small imrt of darker slaggy 
ande.sites and much red, yellow, or whitish fragmental material which is highly col- 
ored, as if by the escape of hot volcanic gases near the vent. From the lake these 
colored patches are brilliant in the morning light. On the inner slope of (xlacier 
Peak (PI. VII, ^1) are numerous columns, one of which is over KM) feet high. To 
call this Glacier Peak is a misnomer, for the glaciation here is much less distinct 
than on the hills farther south along the rim. 



<AHTLK CHRKK AXDKSITK ARKA. 



On the western border of the rim north of Castle Creek is a hill of andesite 
much like that a short distance to the east, from which it is sepjirated by a l>elt of 
glacial drift. 



Ml'NSON POINT ANDKSITK AKKA. 



For 2 miles from the crest of the rim the divide between Castle and Anna creeks 
is covered largely by morainal material, but andesites Anally crop out iii occasional 
cliffs and give evidence of the character of the rock beneath the surface deposits m 
the Munson Point area. A somewhat dacitic specimen (79) from one of the rounded 
ledges of this area was found by Dr. Patton to contain tridymite. To the south and 
southwest, beyond the main road, this andesite is covered by a large mass of basalt. 
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I'NIOX PEAK ANDEHITK AKKA. 



Toward tin* southern lK)rder of the area mapped, near Pole Bridge Creek, is a 
mass of andesite, forming a lx>ld, roekv point, whieli lias been strongly glaciated on 
the side toward Crater I^ake. The two types of andesite (41 and 100) found here do 
not look entirely alike, yet the rocks appear to l)e the same. The first is andesitic 
in appcArance and th(»- second somewhat dacitic. This is part of the large area 
which is outlined as including Union Peak, but is recognized as containing much 
basiilt. Although the summit of Union Peak is hypersthene-andesite, the middle 
and lower slopes upon the eastern side an*, composed of bisalt occasionally rich in 
olivine. There was no opportunity to map the southern and western l)order8 of the 
park in as great detail Jis the other jwrtions. 



KA<iLE rRA(iK ANDESITE AREA. 



The large area of andesite forming the broad divide between Anna and Sun 
creeks is made up of many prominent sheets. This is best seen from Dutton Cliff, 
where the edge of the platform appears under Vidae Peak, the highest point in the 
lim of the lake. Although the structure is partially obscured by steep talus slopes, 
enough is visible to show that the rim is made up of successive sheets of lava, which 
dip away from the lake approximately parallel to the present surface. On the upj)er 
surface of this platform exposures are few, exc^epting where the surface layer of 
sand and pumice is removed. 

In strong contiust to the eastern edge is the opposite border of this platform 
in Castle Crest, which is rugged, and so sharp jus to be impiissabh*. At the foot of a 
precipitous wall a thousand feet high, on the north side of this sernited crest, lies 
Crater Lake. This is the only portion of the crest that is practically impassable. 
In the summit of Castle Crest the gi*ay andesite is like that which is most* common 
about the rim, but was found bv Dr. Patton to contain a small amount of horn- 
blende, thereby affording an approach toward hornblende-andesite, which has not 
yet been found about Crater I^ake. On the raggi^d edge of Castle Crest, toward 
Eagh* Crags, are great masses of volcanic conglomemte, such as are rarely exi)osed 
on the outer slope of the rim, but are common on the inner slope. Th(\v f reciuently 
alternate* with solid sheets of andesite, and sometimes attain large dimensions, 
especially in the southwestern portion of the rim. They an^ gene ml ly comi)osed of 
fragments of andesite, rich in amorphous matter and often dark or red in color. On 
the divide south of Dyer Rock there is much morainal matter and pumice, so that the 
solid lavas rarely outcrop, but where they do they are well glaciated. 

Near the southern margin of the area mapped is Crater Peak, a hill of basalt 
resting on a platform partly of andesite and partly of dacite. The relative age of 
these rocks is clearly shown, and is furth(»r dcniionstratcKl ))y the fact that fragments 
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of the underlying andesite were thrown out during the activity of the basaltic 
crater. 

Great cliffs of andesite border Sun Creek Can^^on in places, and the rock is 
well exposed also at the falls where Sun Creek, at an altitude of about (5,500 
feet, leaves the broad U-shaped valley and plunges 400 feet over a series of cas- 
cades into a sharper canyon cut in dacite. This line of cliffs across the course 
of Sun Creek connects the andesites of the two divides east and west of that 
stream. 

Dl'TTON CLIKK ANI)h>5lTK AREA. 

In the broad divide between Sand and Sun creeks andesite plays a smaller 
part and shows but little variation. Near the middle of the divide, at an altitude 
of about 7,000 feet, there is an andesite (76) full of secretions (98). The andesite 
is quite normal, but the inclusions are })asaltic. The same material with secre- 
tions occurs in the form of large bowlders near by, and a short distance to the 
west, in one of the head gulches of the West Fork of Sand Creek, it is overlain 
by a decidedly platy andesite (27). Similar andesite (50) full of secretions was seen 
near the edge of the water under Sun Creek Notch. The andesitic lavas of the 
south rim are much alike everywhere, with the exceptions noted above, and are 
represented by Nos. 50 and 46, the latter from Dutton Cliff, where it is capped 
by 10 feet of pumice. 

Sand Creek, like its neighbor, is bordered by great cliffs, especially on the 
west. Ascending this creek one-half mile south of the lake rim, I collected a 
platy andesite (86) at the bottom. One hundred feet up No. 5 was taken, and 600 
feet from the bottom of the canyon No. 23 wa.s collected, while No. 37 came from 
the top of the hill. On this divide were collected the interesting ejected frag 
ments (147-151) of dacitic material. About 2 miles from the notch the andesite 
has a marked platy structure, which is curved, showing broad surfaces and folds. 

Farther southeast, at an altitude of alx)ut 6,200 feet, the cliffs of andesite (64) 
overlie dacite. Near the contact from which a great spring issues the andesite is 
black, as if from the presence of nmch amorphous matter, due to the sudden cooling 
of the under surface. Near bv is a mass of verv i^latv andesite closelv associated 

% • A. • ft 

with the underlying dacite. A short distance to the southeiist, upon the same 
divide, the andesite* (53) bears the same relation to underlying dacite (127). The 
approximat(» contact In^tween th(» two rocks may be tniced across to the canyon of 
Sun Creek. 

SENTINKI. ROCK ANDKSITE AREA. 

On the lake slope of K(M'r Notch is a vitreous andesite, well jointed (16), with 
columns 46.6 inches thick. This sheet of columnar lava dips away from the lake 
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and iH ftxpoM»d noar th<» lK)tt<mi upon l>oth sidos of Ssind Creek Canyon near the 
notcfh. 

From S4»ntiiiel K<H'k c?astward to the vicinity of Scott Peak is one of the largest 
areas of andesitc. Imt l^y far the j^freater part of it is ci>vered with pumice, and out- 
crops are few. Oc<*jtsicmal cliffs and large fragments of andesite (Hvur on the Hteep 
rilopen east of Sand Creek (Janyon, but lieyond these the surface is generally covered 
with a layer of small pumi(»e fragments. Scott Peak is al)out l,t)Oo feet higher 
than any other point in the vicinity of Crater I^ake. It was rmce an active volcano, 
and among its neighlKirs next in size and imix>rtan<*e to Mount Mnzimia. In fact, it 
marks the only distinct undesitic v<»nt of this center outside of the prin(*ipal one rep- 
res<>nted by Mount Mazjiinu. Its lavas spread to the east, away from the lake, for 
in tht' Sentinel Kock section of the rim the lavas appear to have flowed westward 
from the Maziima center. 

Si'ott Peak was onc«» a well-defined crater, but it has Iwen broken away upon the 
northwest, and drains into the South Fork of Bear Creek by a broadly rounded valley, 
which looks as if it had l)een cut by glacial action. The slopes* of the mountain are 
genendly covered with pumice, but here and there are fragments of andesite (80), 
and near th(» summit actual ledges (77) occur. The lava is generally reddish or gray 
(2(X»), but sometimes greenish (11>.S), as if considerably altered. Occasionally (4) it is 
Hf>m(»what ghtssy. Both Nos. 200 and 4 wen* loose pieces on the southwest side of 
thecratiM*, but No. 198 was in plac(». The quacjuavei^sal dip of the sheets of volcanic 
matcTial shows that S<*ott Peak was a cniter. and the 2 miles of country intervening 
between it and the rim shows its individuality. The whole aspect of the mountain is 
one of considerable age. and it is evident that it became extinct l>efore the last erup- 
tion of M(mnt Mazama. which spread pumice everywhere. On the outride the slopes 
are gentle, but within the curve of the ancient crater they are very steep, and the 
snow lodged there is but a r(»mnant of the glacier that once sbirttnl at that jwint. 

ROrXn T<)l' AXDKSITK AREA. 

The Kound Top area is simply a part left uncovered by two dacite flows, one 
on each sid<\ and the glacial material to th(» northeastward. It embraces upon the 
surface of the rim two flows, forming prominent cliffs, the easternmost of which is 
shown in PI. VII. //. The western palisade flow fills an old valley to the water's 
edge, and. like its neighbor, has a thickness of over 800 f(»et. The lower 10 feet of 
this flow, (»sp<»cially that of the (»astern palisade, where it comes in contact (17) with 
its bed. is glassy. It is nmch ))roken below, and lies in places upon conglomemte. 
Parts of it are very platy, excepting in the glassy j:K)rtion })elow. and an imperfect 
jointed structure extends through thc^ mass. It thins out rapidly on both sides to an 
edge, and is overlain bv a thin laver of tuffaceous dacit<». a lat<M" flow of which 
jil)|M»ars at the left in PI. VI 1, />. 
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STKEI. IIAY AM)^>ITK AUKA. 



Tho area of andosiU* on the outt»r slope* of tho rim n»i)rosonts a larj(o flow 
from tho rim at Stc»el liiv northeast toward Bear C-riH»k. Lik(» tho Round Top aroa, 
it lios botwoon two hitor flows of dacit(», and to tho north pass(»s out of sight 
bonoath tho i)umico plain. It is a typical and(»sit(» (21>) and much j^laciat(»d. 



WDESITK OF WIZARD ISLAND. 



Wizard Island is a perfectly preserved volcano consisting of a ('indor cone (PI. 
VIII. /j), with cratc»r'' above and lava field about its ])aso. Amid such impressive 
surroundings it is one of the most attnictive and inviting spots of the* region. The 
lava is andosite and belongs not oidy to the last andosite flow, ])ut to tho final erup- 
tion connected with this great volcanic center. The bulk of the old(»r lavits is 
andosite; then come tho l)asalts from the cones around tho l)ase of the rim, and 
the dacitos on tho mountain slope succeeded. Finally, after tho great c}itii.stroi)he 
which engulfed tho upinn* part of Mount Mazama. an andesitic (Muption on the floor 
of tho caldom followed, which Iniilt up Wizard Island and apparently covered almost 
tho whole bottom of Crater Lake. 

Wizard Island has an area of nearly nine-tenths of a square mile. The eastern 
half is a prominent cinder cone, and the western is an extremely rough lava field. 
The cinder cone rising from the lava field has very steep slopes, made uj) chiefly of 
fragmental mat(»rial blown out of the crater, and rises to a height of 845 feet. The 
crat^M* in its summit is al)out 250 feet in diameter and 80 foot deej). Its bottom is 
solid lava. Inside its rim upon the southw(»st slope is a great snow bank, whore 
the snow accunudates during the winter and lasts almost throughout tlu^ year. The 
lapilli are mther coai*se and usually dark or l)Iack. l)ut many arc* red. There are 
numerous fragments of lava and compamtivcdy litth* sand. The solid lava is brilliant 
red only upon tho surface; within it is dark. When the material is porous, the color 
may permeate the whole mass. One hundred feet below tht» sununit on the northwest 
slope a little stream of lava (80) 6 to 15 fec»t in thickness broke out and coursed down 
the slope for 150 feet. Its surface* is v(»rv rough and sonu^what ropy, and along the 
under surface it picked and inclos(»d nuuKM'ous f?*agm(»nts from th(» slope over which 
it imssed. Near the* sunnuit is a mass of brilliantly red lava (5()). The cone is 
thorofon* not wholly ccmiposod of cinders, Init contains. Invsides lapilli and chunks 

"Tho sHurt'r-xhiipi'il tk'pn'ssion in tlu* summit «»f the <'iii<u'r nmo i»f Wizjinl IsImihI is pro|HTly riilU'<l m nntrr. It marks 
an orirtri" fn>m whirh lava roachi**! tho surface l«» l»uil<l up tlu* rindrr cone and lava fU'Id. From tin- fact that the lake is 
calliMl Cmtcr l^ikc the term crater hasbei>n applied to the ^reat tlepressinn which tlu' Iake«M'cupi»'s. Tlu'lar^e depression 
d<Kw not in its prt*sent size mark the oriHci' from which the lavas of Mount Ma/ama issue<l u|Mm the surface to build up 
the mountain. )>ut nither. a> will Ik' shown in lhesi'<|uel. the hole throuKh which tin* summit of the mountain sank into 
the earth, (ireat depressions like that rontainint; Crater Lak*'. oriiritiatiui; by subvid«'Ucc in connection u ith volcanic 
activity, are often railed pit cnit«T>-. but bclirr still iti/(l> m.-. wliirb is distinctivf. I'lof. \V. M. Davis vcr> appropriately 
remarks (Physical «iroj;rapliy, p. J I'm that the dcpn'>siMn conlitiiiiiiL' <"rMl«-r Lake i** • omi' of the mo»-l superb nildcras in 
the world." 
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of lava, a nuinlM»r of siimll flows, not of sutticient size, however, to interrupt the 
regularity of i\w cone*. Near the Iwise of the eone, where it inerj^es into the lava 
field, s<»veral *" volcanic bullet^s" were observed. They are round, and mn^e in 
diameter from 1 to 2 feet, with irregular fractures. They appinir to have noliditied 
liefore ej«»ction, like those so well develoixnl alx)ut the ])a«e of the cinder w>ne 10 
mih»s northeast of I>assen Peak, California.^' 

The lava flow which ext^^^iids wc^stward is extremely rou^h and made up of large 
angular blocks of the broken flow. It is a dark, somewhat iMisaltic-looking andesitc 
(11»), which is occasionally streaked with lighter colored material (20) among the dark 
bands. The lava escaped chiefly from the west l>ase of the cinder cone and npread 
westward beyond the i)resent limit of the island, for beneath the clear water it may 
be seen to extend far west toward the shore of the lake. Some escaiKul ea.stward, 
and it is probable* that lava from the Wizard Island center sj)read over much of the 
floor of the lake. 

The eastward flows aie less broken u{K)n the surface, and are proljably older than 
those to the* west, for they are w(»ll covered with trec»s. The flow is well exposed in 
section along one of the small streams on the east shore of the island, and exhibits 
to a marked degree an arch(»d platy structure pandlel to the surface of the flow. 
Such structure is nirci on the island, but has been observed curving around the 
narrow and thick flows of the rim, especially in the neighborhood of Llao Rock. 



ANDhXITir 1)1 KP». 



A cruise on the lake reveals a number of dikes which cut the rim mdiallv. 
Ehnen were observed in all — seven n(»ar Llao Kcwk, three opi)osit(* Scott Peak, 
and the remaining one a short distance w(\st of P^agle C'ove. Nine of these are of 
and(»sit(» and two of dacite. 

The only prominent dike (PI. VIII, A) is of andesite. It cuts through the entire 
rim from lake to crest and stands out conspicuously between Glacier Peak and Llao 
Rock. It hits been named the I)(»vils Backl)one. This prominent dike is nearly 
vertical and strikes N. 50-^ W. It varices from 5 to 2<) feet in thickness, and oflFsets 
near the middle of th(j slope. The sample of this rock (1>4) was taken on the crest, 
and in the mass, to the unaided eye. it resem})les gray basalt more than the normal 
andesitic rock of tin* rim. On microscopical evidence Dr. Patton refers it to the 
andesites. It has a columnar structure across the dike and a less conspicuous 
parting near the sides jMirallel to the contact with the adjacent lock. 

Under the ejist end of Llao Rock are two dikes, of which the south(»rn one is 
remarkable. It first appears with a width of 15 fec^t at the top of a talus slope 100 
fe(»t above the lake, and has a vitrophyric bord<M*. Upwai'd it thickeiis slightly as it 
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rises for .sevomi hundred feet, then expands into ii slieet of liiva which was a surface 
flow on the slope of the growing volcano at the time the dike wtis formed. At the 
lower end of the dike No. 95 was coIkH'texl. and No. iU represents the juljacent 
andesite. 

A short distance farther northeiist is another ir)-f(x)t dike, which spreads into 
a sheet about 500 feet above* the lake. The material, althougli andesite, is rather 
dacitic (182). It is full of secretions (188) which are somewhat basaltic in their 
character. 

On the west arm of Steel Bay is a 12- foot dike which hjis a dacitic aspect, 
but proved under the microscope to be an andesite. About halfway u]) the rim it 
expands, connecting with the great flow, 200 feet thick, extending from Llao Rock 
to the northeast corner of Steel Bav. It Alls a Assure in the mountain side f ?-om 
which a large part of the flow (»scaped. This dike, as well as most of the others, is 
much older than the one on the Devils Backbone. 

No dikes were seen around the northern and southern shore of the lake, i)ut at 
the southern end of lieddoud C'liff. under the great rhyolite flow of Cloud Cap,, 
three more dikes appear. The one at Sentinel Kock (88) is irregular, lo to 25 feet 
in width, with a number of secretions, and for a short distance is cut up into a large 
mass of conglomerate. Farther north is a 4-foot dike (21) which strikes a little 
north of e4ist. The ti"ausvei*se jointing in it is especially well developed. It 
intersects sheets of lava and conglomerate, but does not reach quite to the great 
flow of dacite alK)ve. Almost directly under Cloud Cap is anothcM- interrupted 
dike, trending southeast. Although the dikes noticed thus far are of ande><ite, 
and earlier than the great dacite flows, their association with the portions of the 
rim over which these dai'it4» flows emanated is of interest. 

A short distance west of Kagle Cove, about halfway b(»tween the crest and the 
lake, is a lo-foot dike with horizontal jointing. It runs down the sloi)e to the 
water, and at one point stands out as a prominent ledge 50 feet in height. 

Under The Watchman is a dike which reaches neith(M" to the crest nor to the 
water's edge. It is about 40 feet in width and its border is black and glassy, like 
the vitrophyric dacite of Llao Kock, but near the middh* it appears holocrystallin*^, 
with ;i light-gray color peppered witli small dark crystals of pyroxene. 

HA SALTS. 

Cnlike the andesites, the })asalts a?e limited to the outer sIoi)e of Mount Mazama, 
and do not approach nt^arer than about a mih» of the crest. None of the basalt flows 
came from th(* central vent of Mount Mazama. Th(»v all issued from adnate con(\s 
u\M}\\ the low(M* slopes of that great volcano. The northern part of the an^a mapped 
contains the principal basalt masses, which issued from four venls Timlx^r Crater. 
Desert Cone, Bald Crater, and Red Cone. 
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TIMHKK CRATEK HAHALT FIX>W. 



TiinU»r Cmter, 5 miles northeast of Cmtor l^ake, is the pi»ak next in size to 
Sc'ott Peak. It rises l,r)(M) fe«t above the surroundinj^ plain and has a somewhat 
eceentrie eonical form with gentle slopes covered largely, to an elevation of O.Too 
feet, bv pumiee from the final eruption of Mount Mazama. At <),1*<M) feet a rinldisli 
vesicular flow of basalt (l<)o) issued from the southwest sloix*. Another Y>a.salt 
strtMun forms a prominent spur to the northwest. The lava is fivsh, with all the 
pe<*uliarities of a recent flow. Above this jwint the sIojk^ is made of lapilli, with a 
light covering of pumice. That the upper portion of the mountain is a cinder cone 
is not seen bv the ti'aveler until he reaches the summit, where there is a well-detined 
crater 50 feet deep and 25(» yards in diameter. The crater is double, or rather there 
are two craters of e<iual size side by side. One is nearly north of the <)ther, and the 
two were most likely active at different times. With the progress of the eruption 
the vent shifted slightly parallel with the range. This is a conmion feature in many 
volc4inic fields, but is rather unusual in the Cascade liange. The coating of pumice 
from Mount Mazama is spread upon the slopes of the cinder cone of Tin)l>er Crater, 
showing that its activity had closed before that of Mount Mazama. 

The view of Crat4».r I^ake and its rim from Timber Crater is especially fine, and 
to the northward Mount Thielsen, the 'Mightning rod'' of the Cascade Range, some- 
times also called the '^Matterhoriv'' of the range, stands out conspicuously. 

DEHKKT i-iiSK AND KKI) C<)XK IIAMALT ^KlJ)WH. 

Desert Con(* and Red Cone arc* volcanoes in lino with a numln^r of others which 
form a decided ridge, prac^tiinilly the crest of the range. They are evidently due to 
a numlx>r of vents on one fissure, and the material erupted is essentially the same 
throughout, although the volcanoes were not active at the same time. The oldi>st is 
to the northward, and the youngest is Red Cbne. At the eastern base of the ridge, 
near the northern limit of the portion that appears upon the map, the basalt is vesic- 
ular (188), but farther up on the slope is compact and holocrystalline (18J>). This 
spur is plainly a flow to the east. The lava is often rough upon the surface and 
has lost little by weathering, presenting an asiKH^t of newness not found on the 
avssociated lavas. The summits of the two most northern hills of the ridge* were once 
craters, but the loos(» material ha-^ Ikhmi swept awa}^ by subseijuent erosion, exposing 
in the cliffs of the crest the solid lava (VMK IJU) of whichthe central portion of the 
cones is composed. 

Desert C/one. near the southern end of tin* ridge, next to R(k1 C-onc*. is a cinder 
cone with rough, chiefly reddish, basalt (Uu). The summit has an imperfect crater 
broken away toward the north w(\st. Its slopes arc* v(M'v ste(*p. 

Of all the Muall volcanoivs which have funushed basalt in the northwestern part 
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of the area mapped, Red Cone is the best example. It is well preserved, its lavas have 
the freshest look, and, all things considered, it appears to have been active later than 
any of the craters about the great central vent of Mount Mazama. 

Red CA>ne is composite. The basal iX)rtion or pedestal is made up very largely 
of basalt flows, and the upper 500 feet is a cinder cone composed almost whoUv of 
lapilli, sand, and slaggy chunks of red and gmy basalt. Much of the reddish lava is 
vesicular, but the gray is not vesicular. The rim on the south side is 50 feet above 
the bottom of the crater, which drains to the northcMist. The cmter contains numer- 
ous fmgments of dacitic pumice, like that of the final ei*uption of Mount Mazama. 
The fragments of dacite are so abundant in the cniter and upon its slopes as to leave 
no doubt that Red Cone had closed its career before the final eruption of Mount 
Mazama. The radiating flows which form the base of the cone spread far beyond 
the limits of^ the cinder cone. To the east they are well exposed, and some of the 
flows are vesicular. The elongated cavities are flattened and lined with hyalite. 
The gray basalt (156) is often rich in olivine. From the base of Red Cone a great 
sheet of basalt spreads westward in the flat, forested country, where underlying 
rocks are concealed by a layer of pumice. Here and there, however, domes of the 
basalt rise through the pumice. The fresh vesicular basalt is like that of the base of 
Red Cone, fvom which it was derived. Its surface is well glaciated, and near the 
western border of the area mapped becomes irregular and rugged on a small scale, 
with niany striated ledges and occasional meadows due to lava dams formed in a 
narrow part of the valley. Rarely (1S4) the bassilt is platy. How far down Rogue 
River these flows extend is unknown. Basalt occurs along the Rogue River road for 
many miles, but it is a darker lava and much more vesicular than that of Red Cone. 

BALI) CRATER BAHALT FIX)W. 

Bald Crater has a well-defined pit on the summit of its cinder cone. Some 
solid flows of dark basalt (li)2, iW^) are exposed, but red and bla<;k lapilli are 
most abundant. Its cmter, being bare and prominent, affords a fine view, and when 
seen from neighboring points stands out conspicuously above the deep-green forests. 

CRATER PEAK BA8ALT FLOW. 

• 

Crater Peak is the center of a small area of l)asalt on the divide 4,»xtending 
south from Castle Crest and Vidae Peak between Anna and Sun creeks. The hill 
rises over TOO feet above the general level of the platform of andesite on which 

* 

it rests. At the northern base of the hill is a mass of reddish-brown basaltic tuff. 

The genemi layer of pumice extends far up the slope, showing that, as in other 

cases. Crater Peak was not active after the final outburst from Mount Mazama. 

.The pumice layer is decidedly darker than the material of which the peak 

9255— No. 3—02 3 
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(179-181) is composed. The cone is largely if not wholly fragmental, and there 
is no definite flow from it unless it extends to the northwest. Among the pre- 
vailing dark fragments of basalt there are occasional andesitic fragments hurled 
out from the underlying andesites. The summit of Crater Peak is a well-defined 
crater 100 yards in diameter and 25 feet deep, draining to the southwest. Some 
good-sized firs grow on it, and it contains a bank of snow as late as August. 

OTHER FLOWH. 

Toward the southwestern corner of the park there is a large area of basalt, in 
which there is considerable variation, and the mass may have been built up from a 
number of vents. It fomis a bluff near the road southwest of Anna Creek from 
Pole Bridge Creek toward the summit. It ranges in color from gray and reddish 
to almost black and some is vesicular. North of Union Peak it rises to over 7,000 
feet and is associated with basaltic tuff. The divide at this point is a ridge of 
basaltic lapilli, indicating the proximity of a volcanic vent, although no well-defined 
crater was seen. The rocks are well glaciated and the original form of the cinder 
cone mav have been greatlv modified therebv. The ridge of lapilli affords a fine 
vie^ of Union Peak a few miles farther south on the cre^t of the range. Union 
Peak is rugged and composed largely of andesite, which came from a vent which 
was more ancient than that from which the basalts issued. Upon the northern 
border, as elsewhere, gray (164) and reddish (166) colors are common, but on the 
whole the darker colors (182, 187, 163) are most abundant, and in places, especially 
near the Rogue River road, the rock is decidedly platy. 

In the southeastern corner of the park is a hill of scoriat^eous basalt with lapilli 
overlying dacite. and west of this, in the flatter country near the border of the park, 
there are bowlders and bluffs caused bv streams of basalt which mav have descended 
from Crater Lake, although the connection was not observed. The falls of Anna 
Creek below the forks are over basalt, but the exposure is very small. Small ai*eas 
of basalt occur along the road between the falls and Pole Bridge Creek, and basalt 
may cover much of the country marked andesite in the southwestern portion of the 
park. 

DACITES. 

Dacites are much less abundant than andesites in the rim of Crater Lake, but 
unlike the basalts, they come from the same general vent. They are very unequally 
distributed. One flow is on the southern slope some disUince from the summit; the 
others are along the northern crest of the rim and an* later than the andesites, 
excepting only the andesite of Wizard Island. The separate flows to be considered 
are those of Sun Creek, Cloud Cap, Grouse Hill, Llao Rock, Wineglass, and Cleet- 
wood Cove. Among them there is wide variation, from obsidian through spherulitic 
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to well-banded and largely crystalline material, while some are nmd flows streaked 
with black glass. 

8UN CREEK DACITE FLOW. 

The canyon of Smi Creek below the falls has upon the west a number of cliffs 
and terraces, due to successive flows of dacite, exposing a total thickness of about 600 
feet. At 6,300 feet east of Crater Peak the cliffs l)egin. The first is 200 feet, made 
by a solid flow of dacite with conspicuous structural features. The next terrace, at 
5,900 feet, exposes a decidedly perlitic and spherulitic rhyolite banded with small 
lithophysse, and forms a bluff 75 feet in height. There are bands of perlitic and 
spherulitic grains alternating with others which show neither structure. At 5,700 
feet is a plain of fine material, filling the valley to a width of three-fourths of a mile. 
In the soft material Sun Creek has cut a canyon 200 feet deep. Upon the eastern 
side in the canyon wall dacitic rocks (128, 124) appear, containing cavities lined with 
minute crystals of tridymite. The layer of pumice covers nearly everything beyond 
the canyon, so that the nature of the underlying rock is to a considerable extent a 
matter of doubt. On the West Fork of Sun Creek, just above where it begins to 
cut a canyon in the material filling the valley, masses of dacite (125, 126) appear, and 
if not in place have not been moved far, for the rocks immediately to the north are 
andesite. On the spur between the West Fork and the main stream of Sand Creek a 
well-marked dacite (127) occurs, with conspicuous fluidal banding and aligned cavities 
sparkling with tridymite; it appears to form the whole ridge excepting the small 
capping of andesite. A short distance farther north a strong spring issues from 
the contact between the dacite and the overlying andesite. 

The Sun Creek dacite is the oldest about Crater Lake It is evidently older 
than the andesite which lies upon it at an altitude of 6,600 feet. This is con- 
siderably above the level of the lake, and if the rhyolite came from Mount Mazama 
it should appear on the inner slope of the rim under Button Cliff. From a boat 
by the shore the cliff was examined to see if the dacite flow could be recognized, 
but it was not found. 

CLOri) CAP DACITE F1X)VV. 

Cloud Cap is on the eastern crest of the rim and marks the point of departure 
of a stream of dacite which spreads to the northeast. It forms a large part of Red- 
cloud Cliff, which takes its name from the reddish-vellow tuff or tuffaceous dacite 
that underlies the principal flow. This flow, or, rather, group of flows — for it appears 
to be made up of at least three streams — forms a prominent cliff for over half a 
mile along the rim and has a thickness of over 300 feet. It appears to form one- 
third of the inner slope of the crest. This flow presents a series of great cliffs 
about its borders, especially on the northwest. The finest is upon the west side 
nearly half a mile from the lake. It is 250 feet high and of great length, smooth 
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and polished as if by glaciers, but distinct striai could not l>o found. The rock 
(118) is especially glassy, often banded with brown, and ma\' be finely spherulitic 
or lithophysal. The canyon heading between Cloud Cap and Scott Peak presents 
cliffs which are less imposing. Upon the i^ast side of this canyon at the northern 
end of the flow the rock, although dacite, is more massive and lacks the vitreous 
features of the main bodv of the flow near it^s source. To the west this series 
of dacite flows, along the southern arm of (xrotto Cove, may be seen to overlie 
the adjacent streams of andesite. The base of the dacite flow near the contact is 
glassy, with numerous spherulites and lithophysal. 

Farther northeast, l)etween the forks of Bear CVeok, is a small area of dacite, 
which was regarded as an andesite in the field, ))ut Dr. Patton finally relegated it to 
the dacites. The regularity of the hill gave rise to the expectation that it would be 
found to be a cinder cone, but this is not the case, as it is composed of solid dacitic 
lava. Its sides are covered with lapilli of pumice, like that found elsewhere, and 
upon the south bear a fine growth of yellow pine. There are a number of other 
hills farther north which appear to be comix)sed of the same material. 

(IKOUHE HILL DACITE FLOW. 

Possibly of al)out the same relative ag(» is the Grouse Hill flow, which crosses 
the crest a short distance northeast of Lhio Kock. On the inner slope the layer 
of pumice beneath the great flow of Llao Rock overlaps the (jrouse Hill flow, show- 
ing riiat the (irouse Hill flow is older than th(» Llao Rock eruption. For this reason 
the two flows are separat<»d on the map. At the south l)ase of Grouse Hill the 
dacite (107) is regularly banded, and on the hill next northeast of Llao Rock it (108) 
is spherulitic. This flow has Ikhmi much eroded, and has a more ancient look than 
other flows of this portion of the rim. 

LLAO r(x:k dacite F1X>W. 

The Llao Rock flow is one of the most Interesting of the region and is the most 
conspicuous. lt« general outline in cross section tilling a valley of the rim may be 
clearly se(»n (PL IX, ^1) across th(» lake. The flow is more than a mile wide along 
the crest and over 1,200 feet thick in the middh», tap<»ring to edge** on both sides. 
Considering it*i great thickness the flow is remarkably short, for it can be traced 
with certainty only about a mil(» from the rim, although it may extend for some 
distance farther beneath the pumice covered plain. On the northeast it tapers 
rapidly to an edge, and ends in a mass of pumice nearly KM) feet thick. The lower 
IX)rtion of this pumice is clearly stratified, but in the upper part the lines are less 
distinct. The vallev filled ])v the flow is small and has an irreyfular surface. On 
the northeast side there is a prominent mass of pumice (PI. IX, ^1), under the 
Llao Rock flow, but on the opposite side there is little or no pumice. On the 
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summit of Llao Rock there is much pumice. On the western slope it bas been 
largely swept away, exposing the underlying rock. The edge of the flow, and, 
in fact, the entire periphery, is practically obsidian; the interior portion is more 
crystalline. Where glass}^ it is rich in small feldspars (102). On the summit, 
which has suffered nmch from erosion, a portion of the flow (103), originally some 
distance beneath the surface, is exposed, and on this account the rock is on the 
whole less glassy than near the border. 

An imperfect columnar structure is given to the dacite of Llao Rock by two sets 
of joints. One set is radial from the lake and perpendicular to the rim; the other 
set crosses the first nearly at right angles. They are best developed in the lower 
portion of the flow. Near the surface a curved structure due to flowing is marked. 
Below, the flow structure is straight and nearly horizontal. 

WINBXILASS DACITE FLOW. 

f 

The Wineglass flow is of small size and peculiar. It lies in the next gap of the 
rim southeast of Round Top (PI. VII, B)^ has a width of scarcely 500 feet, a length 
of probably a mile, and a thickness of about 20 feet. It is decidedly like a tuflf (114) 
and might well be so considered were it not for the stringers of black glass inter- 
mingled with a reddish groundmass containing fragments of other material and 
imparting a decided fluidal structure to the mass. 

A short distance farther east there is another small sheet of this tuflfaceous 
dacite 10 feet thick. It has the characteristic streaks of black glass which fix its 
identity. It occurs locally along the western edge of the Cloud Cap flow, and 
closely resembles much of the tuflfaceous material of Redcloud Clifl^. At the 
Wineglass slide it is immediately associated with pumiceous tuflf. The hard rock 
of the rim is andesite, overlain by 15 feet of pumiceous tuflf with 10 feet of red 
tuflfaceous dacite. This is overlain by 30 feet of conglomerate and capped by a fine 
.lyer of pumice 25 feet thick. It is evident from this section that the fragmental 
dacite d,oes not represent the final eruption, for that finds expression in the top 
layer of pumice. 

The gap west of Round Top contains a small sheet of tufl'aceous dacite like that 
on the other side, but is thicker. It appears in PI. VII, /y, at the left of the Palisade 
crowned by Round Top. It is 50 feet thick in the middle and tapers to a thin edge 
on the west. On the east of Round Top it extends up the slope a short distance, 
for it is clearly seen above glacial strise and is undoubtedly a post-Glacial flow. In 
this gap, as upon the east, it overlies a sheet of pumice and underlies conglomerate 
into which it appears to pass by becoming more fragmental. Near the western 
edge of the gap it appears to be overlain by large bowlders, and where the exposure 
of the dacite ceases the sheet of large bowlders becomes more marked. On the 
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geological map this area of dacite adjoins the edge of the great flow of Rugged 
Crest. In reality, however, it overlaps the Rugged Crest flow and is of later date. 
The same tuffaceous dacite occurs farther west along the crest beyond 
Cleetwood Cove, where, as upon the east, it overlaps the flow of Rugged Crest 
It extends nearly to Pumice Point (PL IX, B)^ where it appears between two thick 
masses of pumice. This peculiar tuffaceous dacite occurring along much of the 
northern crest of the rim all belongs to one flow, which spread as a uniformly thin 
sheet over that portion of the base of Mount Mazama. It is altogether unlike the 
other flows of dacite and appears to be intermediate between them and tuff. 

CLEETWOOD CX)VE DACITE PLOW. 

Among the final flows of the great volcano is the one of Cleetwood Cove. The 
rim at this point is remarkable. It is unlike any other portion of the rim in its 
rugged roughness without being sharp edged like Castle Crest. It is wooded with 
small pines and firs, but the bold crags stand out among them in pinnacled relief. 
The lava is a black, yellow, or brown glass, and is greatly broken and rough on the 
top. It forms the crest of the rim for nearly a mile, extending upon both sides of 
Cleetwood Cove, where it makes prominent cliffs. It fills an old valley at the head 
of the cove, and has a thickness of over 300 feet in the middle, tapering to a thin 
edge on l)oth sides. PI. X, Z?, illustrates its appearance from the lake. This broad 
flow extends from the rim northeastward for nearly 3 miles, where it disappears 
beneath the plain of pumice and glacial material. The bottom of andesite on which 
the dacite rests is irregular, and in places the two rocks are separated by a thick 
layer of pumice. 

On tracing the rugged mass of dacite away from the lake there is found upon its 
surface a small valley (PI. X, ^4) lined with cliffs and local columns. The valley is 
nearly as deep as wide. Huge blocks of dacite have tumbled about in the most 
irregular manner, producing small inclosed basins. The valley is not a waterway, 
and judging from its peculiarities it is altogether probable that it is a caved-in lava 
tunnel. 

Upon both sides of the surface the dacite is fiattish and looks glaciated, yet no 
certain glacial marks could be found, although large fragments regarded as bowldere 
were seen resting upon it. West of the chaotic channel and also on the east above 
the cliff there appears to be some morainic material. Close to the crest at the Jiead 
of Cleetwood Cove the surface is most broken and rugged. A little farther west the 
flow thins rapidly, forming West Deer Cliff, and runs out near the next point. 

The upper portion of the sides of Cleetwood Cove is a cliff of dacite, beneath 
which there is a layer of pumice, succeeded downward by 350 or more feet of exposed 
andesitic flows. These subdacite lavas are continuous around the head of the cove, but 
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are not fexposed. At the head of the cove they are covered by dacite which flowed 
down the inner slope of the rim from the eaved-in tunnel of Rugged Crest to the lake. 

The flow is wide above and narrow below, lapping down over the edges of the 
andesite into the lake. How far it extends beneath the surface of the lake is 
unknown, but apparently only a short distance. 

Some distance above the lake, upon both sides, the flow and platy structure of 
the dacite overlying andesite dip toward the central stream, which in places dips 
toward the lake at an angle of 85^ and lies parallel to the present surface. The 
structure inclined toward the lake is very dear, and its parallelism to the surface 
underneath well exposed upon both sides. Near the summit the glassy rock (111) 
is red and black, and may be mixed with gray. Nearly midway from summit to 
lake, where the slope is steepest, the lava (112) is somewhat less glassy than near the 
crest, and near the lake (113) the crystalline structure is still more n)arked. 

DACITIC DIKE8. 

Only two of the eleven dikes of Mount Mazama are dacite. They cut the older 
andesites (57) and connect directly with the thickest part of the Llao Rock flow. 
One of the dikes has a thickness of 10 feet. In the middle (130) it is holocrystalline 
and contains cr^'stals of hornblende, but upon the border it is black and glassy, a 
vitrophyre (131), like most of Llao Rock. The other dike is regular, varying from 
2i to 4 feet, and the material closely resembles the last in all respects. One of these, 
or possibly both, contributed to the escape of the great mass of Llao Rock. 

DACITIC PUMICE. 

The dacitic eruptions of Mount Mazama were generally accompanied by more 
or less pumice. PI. IX, A^ shows a large amount of pumice which underlies the 
Llao Rock dacite and which is, therefore, somewhat older than that flow. It is arranged 
in layers, probably due to the assorting influence of the atmosphere. Under the 
main body of the flow the sheet of pumice is sometimes wanting or thin and 
irregular. It is possible that this pumice belongs to the earlier pait of the 
eruption which gave rise to Llao Rock. 

The summit of Llao Rock is composed of f ragmental material, approximately 
120 feet in thickness, of which the lower DO feet is pumice resting on the 
surface of the dacite. It is clear that this body of pumice is later than the Llao 
Rock flow, although it may belong to the final portion of the same eruption. The 
layer of white, pinkish, or yellowish pumice of the ordinary dacitic type (136) 
on the sununit of Llao Rock is overlain by 20 feet of more or less pumiceous 
material, which is heavier and much darker in color. The fragments, like those 
of the layer below, are small, being rarely as large as 6 inches in diameter. 
Some of them (143) are black, rich in phenocrysts of hornblende and feldspar, 
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and are doubtfully of a dacitic nature. There can l)e no question that the darker 
layer represents the concluding stage of the final explosive eruption of Mount 
Mazama. It is one of the largest masses of this sort of material found anywhere 
about the rim crest, and is of unusual importance on account of its peculiarities, 
for it is markedly unlike any of the dacitic lavas. 

. Along the crest alK)ve Danger Bay, near Sentinel Rock, there Ls a succession 
of pumice and glacial de]:)osits. There are two deposits of what appear to be 
glacial gravels succeeded by layers of very pumiceous material, recording the fact 
of alternating glaciation and volcanic eruption. The lapilli of the two pumice 
layers appear to be the same. Farther to the northwest, beyond Cloud Cap, a 
thin sheet of tuffaceous dacite appears at the top of the lower pumice. 

Tuff with much pumiceous fragmental material is widespread in the Crater 
Lake region, and is so abundant in plac^is as to indicate a great explosive eruption 
among the final events in the history of Mount Mazama. Pumice Desert is a 
treeless tract north of the rim, in which pumice prevails. Fragments are usually 
from 1 to 4 inc'hes through, although some nearly a foot in diameter are common 
in places, and occasionally larger ones appear. The largest mass of dacite seen 
(138) is 10 feet in diameter. It is very pumiceous and yet distinctly fragmental. 
Ne^r by was a fmgment 8 feet in diameter, rich in hornblende. Such fragments 
are not abundant, alttiough black sand (134) composed chiefly of feldspar and 
hornblende is abundant everywhere. Here and there may be seen occasional 
chunks of andesite. From Mount Thielsen to Red Cone, a distance of over 10 
miles, nothing but fragmental material was seen near the tmil. As Red Cone is 
approached some of the red and black lapilli washed from the cone appear upon 
the surface to overlie the dacitic pumice and tend to give a wrong impression as to 
their order of eruption. The sheet of pumice, although not indicated upon the map, 
covers by far the larger part of the flows, but ledges are in general sufficiently 
numerous to determine approximately the distribution of the various kinds of 
lava. Along the southern border of the rim the greatest thickness of pumice, 
about 10 feet, is exposed at the top of Dutton Cliff. The largest fragments at that 
place are not more than a few inches in diameter and appear to be the farthest from 
the rim. The peculiar black lapilli rich in crystals of hornblende are numerous. 
Specimen 142 was collected from a piece 18 inches in diameter. Near the same 
place, m 1883, I found a bowlder-like bomb of the same size as that noted above. 
It had a blackened shell which was cracked to a little depth, and the cracks stood 
open like those of a bursted apple. The outside was very hard and glistened (148) 
as if melted and glazed. Within the rock was very porous and pumiceous (147). 
Near by another specimen had a thin, reddish, cracked rind with a,more crystalline 
granitic center. Specimens 150 and 151 also were found along the northern rim 
of the lake and belong to this peculiar ejectamenta. 
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On the broad divide north of Crater Peak is a moraine composed largely of 
andesitic material. It is covered with dacitic pumice in such a way as to mark the 
relative age of the glaciation and eruption. 

GLACIATION OF MOUNT MAZAMA. 

The glaciei-s of Mount Mazama have left distinct records in the form of striae 
and moraines, with their outwash plains lower down upon the mountain slopes. The 
radial arrangement of the strije across the very crest of the rim overlooking the lake 
is clearly displayed, as shown on the map (PI. VI). The rocks are well striated, 
especially upon the western and southern crest, and the glacial cutting has been 
suflBciently deep to remove all the surface features of the lava flows on the outer 
slope of the rim. On the adjacent slope toward the lake the same rocks present 
rough fracture surfaces showing no stria*. The glaciation of the rim is a feature of 
the outer slope only, but it reaches the very crest. The glaciers that striated the 
crown of the rim carried stones in their lower parts, and must have come down from 
above. The central peak from which the glaciers radiated has disappeared, as it is 
evident that the topographic conditions of to-day aff'ord no such source of supply. 

The only portion of the rim along which positive signs of glaciation were not 
observed is opposite Scott Peak, and 3'et it is altogether probable that glaciers 
existed here, for near Sentinel Rock there appear to be two layers of gravel of 
glacial origin, and there are evidences of glaciation in the valley heading between 
Cloud Cap and Scott Peak and draining this portion of the crest. Below the 
cascade on the South Fork of Bear Creek the valley is bordered by one of the finest 
lateral moraines of the region. It is practically certain, therefore, that the crest of 
the rim has been glaciated throughout its entire circuit, excepting possibly Glacier 
Peak and the two highest points in the southern rim, and yet along these portions 
of the rim there is the clearest evidence of deep glacial cutting. 

On the lower slope of Mount Mazama, the glaciers were broken up into 
tongues of glacial ice which occupied the valleys only, following closely the lines of 
drainage. One of the largest of these masses occupied the valley of Anna Creek, 
in the bottom of which glacial striae have been found at a distance of over 3 
miles from the lake. Beyond this point all the lava flows in the middle portion 
of the valley are concealed by a thick coating of tine volcanic detritus washed 
down from the higher slopes of the volcano, filling the valleys to great depths 
and effectually obscuring the records made by the glacier at the time of its 
greatest extension. 

The moraine of the Anna Creek glacier on the rim near Victor Rock has a 
thickness of over a hundred feet. It is composed of angular fragments up to 8 
feet in diameter, commingled with sand and clay. Near by, on the outer slope, at 
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and are doubtfully of a dacitic nature. There can be no question that the darker 
layer represents the concluding staple of the final explosive eruption of Mount 
Mazama. It is one of the largest masses of this sort of material found anywhere 
about the rim crest, and is of unusual importance on account of its peculiarities, 
for it is markedly unlike any of the dacitic lavas. 

. Along the crest above Danger Bay, near Sentinel Rock, there is a succession 
of pumice and glacial deposits. There are two deposits of what appear to be 
glacial gravels succeeded by layers of very pumiceous material, recording the fact 
of alternating glaciation and volcanic eruption. The lapilli of the two pumice 
layers appear to be the same. Farther to the northwest, beyond Cloud Cap, a 
thin sheet of tuffaceous dacite appears at the top of the lower pumice. 

Tuff with much pumiceous fragmental material is widespread in the Crater 
Lake region, and is so abundant in places as to indicate a great explosive eruption 
among the final events in the history of Mount Mazama. Pumice Desert is a 
treeless tract north of the rim, in which pumice prevails. Fragments are usually 
from 1 to 4 inches through, although some nearly a foot in diameter are common 
in places, and occasionally larger ones appear. The largest mass of dacite seen 
(138) is 10 feet in diameter. It is very pumiceous and yet distinctly fragmental. 
Ne^ir by was a fragment 3 feet in diameter, rich in hornblende. Such fragments 
are not abundant, altnougfa black sand (134) composed chiefly of feldspar and 
hornblende is abundant everywhere. Here and there may be seen occasional 
chunks of andesite. From Mount Thielsen to Red Cone, a distance of over 10 
miles, nothing but fragmental material was seen near the trail. As Red Cone is 
approached some of the red and black lapilli washed from the cone appear upon 
the surface to overlie the dacitic pumice and tend to give a wrong impression as to 
their order of eruption. The sheet of pumice, although not indicated upon the map, 
covers by far the larger part of the flows, but ledges are in general suflBciently 
numerous to determine approximately the distribution of the various kinds of 
lava. Along the southern border of the rim the greatest thickness of pumice, 
about 10 feet, is exposed at the top of Dutt6n Cliff. The largest fragments at that 
place are not more than a few inches in diameter and appear to be the farthest from 
the rim. The peculiar black lapilli rich in crystals of hornblende are numerous. 
Specimen 142 was collected from a piece 18 inches in diameter. Near the same 
place, in 1883, I found a bowlder-like bomb of the same size as that noted above. 
It had a blackened shell which was cracked to a little depth, and the cracks stood 
open like those of a bursted apple. The outside was very hard and glistened (148) 
as if melted and glazed. Within the rock was very porous and pumiceous (147). 
Near by another specimen had a thin, reddish, cracked rind with a,more crystalline 
granitic center. Specimens 150 and 151 also were found along the northern rim 
of the lake and belong to this peculiar ejectamenta. 
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the head of the main divide between Anna and Caatle creeks, it is bowlder 
covered. 

On descending from the crest to the springs at the head of Anna Creek^ 
terraces may be seen l)oi'dering a sharp V-shapt*d canyon cut wholly in morainal 
material containing smoothed bowlders of andesite. Some of them are dark 
colored and inclose gray secretions. The U-shaped glacial valley of Anna Creek, 
a short distance below the crest, is 120 feet deep, with momines on the sides and 
on an irregular bottom 50 yards in width. The canyon heads against cliflfs over 
which several streams cascade, to disappear in the debris below. They are fed by 
the snow banks near the crest, in which the Anna Creek glacier has not made a 
decided notch, as have the glaciers of Sun and Sand creeks. 

The moraine-filled valley of Anna Creek, li miles from the lake, has a width 
of nearly half a mile where meadows begin. The meadows become swampy in places, 
with fine pasture on somewhat irregular bottom, and continue to a morainal ridge 
20 or 30 feet in height crossing the valley diagonally to the southwest, where the 
principal stream breaks through. At this terminal moraine the swampy patches cease 
and the valley becomes broad and dry. The stream near the west side, after passing 
the moraine, soon begins to cut into the somewhat irregular surface, where it becomes 
a well-marked plain covered with pumice and studded with pines and firs of moderate 
size. The stream cuts deeper and deeper into the plain as it advances, revealing a 
mass of fragmental material without definite* stratification, although in places there 
are lines parallel to the surface of the pumice-covered plain. Three miles from the 
crest, and at least a mile beyond the small tenninal moraine noted above, the stream 
exposes the rocky floor of the valley, which is clearly glac^iated. The main stream at 
its junction with the west fork, which flows from the large spring near the wagon 
road, is a canyon 300 feet deep in comparatively fine volcanic material, like that of 
the plain above. The wagon road down the right bank of Anna Creek follows the 
plain for miles and affords fine views of the canyon. At the mouth of Pole Bridge 
Creek the plain is hummocky. It has not l)een leveled off and appears to be 
moramal, perhaps a portion of an earlier tenninal moraine of the Anna Creek glacier, 
or of a side glacier along Pole Bridge Creek from Union Peak. This small valley is 
full of morainal material from the Union Peak region, which was also a glacial center, 
as is shown by the stria* near the southwest corner of the park. The striie evidently 
record an ice movement from the Union Peak region north and northwest to join 
the Rogue River glacier from Mount Mazama. The distribution of the moramal 
material suggests another branch down Pole Bridge Creek to the Anna Creek glacier. 
The canyon of Anna Creek above the mouth of Pole Bridge Creek is shown in PL 
III, B. Below that point it has a depth of 300 to 400 feet, with almost inaccessible 
walls frequently ornamented by columns and other caiTed forms composed wholly 
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of volcanic material. There are but few places where the stream can be reached. 
It is completely boxed in by cliflfs, in which the jointed structure (PL XI) of the 
material is prominent. 

The ice at the mouth of Pole Bridge Creek ma}^ have been not less than a 
thousand feet thick, for it polished the rocks at an elevation of 6,500 feet on the 
summit immediately south of that stream. The terminal moraine of the Anna 
Creek glacier at the time of its greatest extension may have been buried by the 
deposits of the Wood River Valley or the Klamath lakes. 

The glacial phenomena of Anna Creek illustrate quite fully those of all the 
other important streams heading in Mount Mazama and may be taken as a type. 
In general, the moraines of the upper slopes are succeeded by extensive plains of 
sand and pumice, which fill the valleys to great depths and give rise to the box 
canyons in which the streams leave the lower slopes of that great volcano. 

Anna Creek carries a larger proportion of water from the rim of Crater Lake 
than any other stream, for the reason, most likely, that it receives much of its 
supply from the great snowdrifts caught within the southwest portion of the rim 
crest. East of it lie Sun and Sand creeks, both of which occupy well-marked 
glacial canyons. In strong contrast to these are the valleys of Castle Creek and 
other streams which drain the western slope of Mount Mazama into Rogue River 
without perceptibly notching that portion of the rim, unless we consider the g^,p 
between Glacial Peak and Llao Rock as such. The bowldery moraine surface on 
the Rogue River side of the rim is best displayed at the head of Castle Creek. 
Along the road to the lake and below it are great plains of sand and pumice 
stretching for many miles down Rogue River. Ground moraine is widespread, 
but no conspicuous terminal moraine was noted anywhere on the western slope. 
Possibly it has been covered up, or may have been inconspicuous and overlooked. 

A large glacial stream filled the broad valley between Glacier Peak and Llao 
Rock and spread over the broad plain west of Red Cone to the western border of 
the park, where a remarkable series of meadows occurs, due, most likely, to glacial 
dams at their lower ends. The Rogue River glacier had a width, measured along the 
crest, of over 4 miles, and was probably by far the largest glacier of Mount Mazama. 

The canyons of Sand and Sun creeks are among the most striking glacial 
phenomena of Mount Mazama. The notches they make in the rim are prominent 
ieatures. The canyons are clearly of tbc^ glacial form. Their walls are glaciated and 
their floors strewn with morainal deposits, which on Sand Creek are succeeded below 
by the usual box canyon cut in the plain, underlain by thick deposits of volcanic 
material. The canyon is not so deep as that of Anna Creek, and tha descent to the 
plain of Klamath Marsh, at the east foot of the mountain, is gradual. In the case of 
Sun Creek the conditions are somewhat different. For 2 miles from the crest the 
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^rade is gentle and the broad even floor is on glacial d^^bris; then the creek descends 
abruptly, by falls hundreds of feet in height, to a relatively narrow (»nyon, which 
attains a depth of over a thousand feet, and continues to the plain of the Klamath 
lakes. The canyon walls are composed of dacit<% terraced by successive flows much 
older than the gorge. The canyon, which is the gre^t one opjwsite Crater Peak, baa 
a floor of fine material three-fourths of a mile wide, in which the present sti'eam has 
cut an inner canyon 200 feet in depth. This cunyon may differ from that of Anna 
and Sand creeks in the amount of filling, but we have no full measure of their depth. 
On the other hand, it is possible that this deep ro<*ky can3'on records a condition not 
found elsewhere about Crater Lake. 

The cutting of the canyons of Sun and Sand creeks was the final glacial work 
of Mount Mazama. They are the only ones coming down from the upper portion 
of the mountain and must represent its principal streams. They would, therefore, 
contain the glaciers which remained after the epoch of general glaciation, during 
which the broad divides between the canvons were ice covered. 

The northeast slope of the rim was well glaciated by masses descending into the 
forks of Bear Creek, especially the South Fork, where the moraine field is large and 
covered with but little timber. A short distance northeast of the cascade on the 
South Fork there is a well-marked lateml moraine, the finest seen anywhere in the 
region. It is a smooth, even ridge 200 feet in height, containing many rounded 
pebbles and bowlders, often striated, and having a final thin coating of pumice. It 
was bordered by two glacial lobes in the lee of a spur heading between Cloud Gap 
and Scott Peak. 

ORIGINAL CONDITION OF MOUNT MAZAMA. 

Thus far the existence of an original Mount Mazama has been assumed. The 
evidence on which this assumption is based may be briefly stated as follows: The 
inner slope of the rim presents sections of the broken lava flows, which radiate 
from the lake and were evidently effused from a source higher in each case than 
the respective flow in the rim. If the flows of the rim were restored to their 
original size by extending them inward from the rim, they would converge to a 
common source and make a volcano which would occupy the place of the caldera 
and make a prominent peak. Mount Mazama. 

The peak must have had a crater similar in character to that of Wizard Island, 
for it was the source of much f ragmen tal material spread in all directions on the 
mountain slope. 

The former existence of Mount Mazama is indicated also by the radial dikes 
which cut the rim. They evidently originated from pressure in a column of 
molten material in the chimney of a volcanic peak rising some distance at least 
above the rim. 
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The most convincing evidence of the existence of Mount Mazania on the site 
of Crater Lake is to be found in the glaciation and drainage of the rim. The 
radiating glaciers, which in their descent scored the crest of the rim, could have 
come only from a central peak. The records of the ice and water drainage from 
this peak in the topography of the rim tire unmistakable. 

There can be no reasonable doubt as to the former existence of Mount 
Mazama, but its shape and size are more difficult to determine. Mount Mazama 
is composed largely of lavas similar to those of Mount Shasta, and from the 
slopes of that famous peak we may draw an inference as to those of Mount 
Mazama. Mount Shasta, unlike Mount Mazama, does not stand on an elevated 
platform. It rises with a majestic sweep of 11,(X)0 feet from gentle slopes about 
its base, gradually growing steeper upward to the bold peak. At the height 
of 8,000 feet it has about the same diameter as Mount Mazama at an equal 
elevation in the rim of Crater Lake. Above this Mount Shasta rises over (),300 
feet. The prominence of Mount Mazama as a drainage center is quite equal to 
that of Mount Shasta, but its slopes on the rim of Crater Lake, ranging from 10^ 
to 15^, are scarcely as great as those of Mount Shasta at a corresponding elevation. 
On the other hand, the canyons of Sun and Sand creeks on Mount Mazama are 
more profound and have been nnich more deeply glaciated than any of those 
on Mount Shastii. It therefore appears reasonable to suppose that Mount 
Mazama had an altitude at least as great, and possibly greater, than Mount Shasta 
(14,380 feet). 

From a large amount of data at hand concerning the base of Mount Mazama, 
an attempt has been made to restore its summit, and PI. XII, A^ illustrates the 
result. It is pictured as it would now appear, with a small but distinct glacier 
representing the Anna Creek glacier, which once overflowed the divide westward 
into the Rogue River drainage. 

From the same general position, but at a somewhat greater elevation, a view 
of the rim as it appears to-day has been prepared by the same artist, and is shown 
in PI. XII, B, 

DEVELOPMENT OF MOUNT MAZAMA. 

Scott Peak is only a large c^one adnate to Mount Mazama. It belongs to the 
same center and holds essentiallv the same relation to it as Shastina does to Shasta. 
The slopes of Mount Mazama reach to the plains at its eastern base, and it is one of 
the largest mountains of the Cascade Range. 

The beginnings of Mount Mazama are now deeply buried beneath the lavas of 
the range, including those displayed on the lower slopes of the great caldera beneath 
the water of Crater Lake. The earliest lavas now visible are those of the southern 
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and western lake border, and when they were erupted the volcano was normally 
active, sending out with its streams of lava large contributions of f ragmental mate- 
rial to make the heavy conglomerates of the older portion of the rim. The many 
succeeding flows of andesite and layers of conglomerate built up the mountain slope 
to the crest of the rim upon the southern and western side, and Scott Peak, too, had 
attained its full development when the peripheral vents of basalt opened and by a 
series of eruptions built up the surrounding country with adnate cones upon the 
outer slope of the rim of the lake. Then followed the large eruptions of dacite, 
forming Llao Rock and the northern crest of the rim to Cloud Cap. These flows 
occurred during the period of glaciation of Mount Mazama, and streams of lava 
alternated with streams of ice, a combination which doubtless gave rise to extensive 
floods upon the slopes, and filled the valleys below with volcanic debris from the 
mountain. In connection with the eruption of these viscous lavas (dacites) there 
were great explosive eruptions of pumice, which was spread for 20 miles or more 
across the adjacent country. The explosive activity of Mount Mazama culminated 
in the eruption of the peculiar dark pumice, rich in hornblende, which followed the 
outflow of the tuffaceous dacite. 

DESTRUCTION OF MOUNT MAZAMA AND FORMATION OF THE CALDERA. 

After the eruption of the pumice came the revolution which removed the 
large core and the upper 6,000 feet of Mount Mazama and gave rise to the caldera. 
There are only two ways in which this change could have been effected — either b}^ an 
explosion which blew away the top of the mountain or by a subsidence which 
engulfed it. 

The occurrence of vast quantities of pumice for a distatice of 20 miles in all 
directions about the base of Mount Mazama is evidence of a most tremendous 
explosive eruption at that point, an eruption the equal of which has not yet been 
found anywhere else in the Cascade Range. Fine material was blown out in vast 
quantities at the same time and by drainage gathered into the surrounding valleys 
which it fills to an extent unknown, as far as I have observed, on the slopes 
of any of the other great valcanoes of the range." This impressive evidence 
shows conclusively that a late, if not the final, eruption of Mount Mazama was 
explosive, and of such magnitude as to suggest that the removal of the mountain 
and the origin of the caldera may be counttnl among its effects. This suggestion, 
however, is not supported by the evidence resulting from a study of the ejected 
material and its relation to the lava flows of the rim. The fine material filling the 
valleys^, and the pumice throughout its great area, are hornblendic in character 



oAb far aa my own observation goes the above remarks apply to Lassen Peak. Mount Shajtta. Mount Pitt, Mount 
Thiclsen, Diamond Peak, and Mount Hood. 
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and were erupted in connection with the dacites of the rim. Their eruption, 
therefore, wan of the usual type, and not of the kind which removes mountains. 
As far as may be judged from the size of the pumice deposits now exposed in the 
rim, the greatest eruption of that sort of material from Mount Mazama occurred 
before the extrusion of the dacite of Lhxo Rock, and is evidence that the greatest 
explosion occurred long before the destruction of Mount Mazama. 

There is another matter of importance bearing directly on the explosive 
theory of the caldera which renders that theory wholly untenable and fully corrobo- 
rates the conclusion derived from a study of the character and distribution of the 
pumice. The lava exposed on the inner slope of the rim is chiefly andesite, and 
its relation is such as to indicate that solid sheets of andesitic lava formed bv far 
the larger part of Mount Mazama. If the caldera resulted from an explosion 
this mass of andesitic flows would have been broken to fragments and blown out, 
so as to fall around the caldera and form a rim of fragmental material. From 
the size of the lake and the remaining portion of Mount Mazama it is possible to 
compute approximately what the size of the rim formed in this way would be. 
But before we can do this it is necessary to consider the size and shape of the 
caldera, especially of that part which lies beneath the lake. 

To determine the configuration of the bottom of Crater Lake a large number 
(168) of soundings were made under the direction of Major Dutton, who summarizes 
the results as follows:" 

"The inferred configuration of the bottom may be conceived of as a nearly plane 
surface for the most part, upon which stand three abruptly rising prominences. 
The largest of these rises above the surface of the water ad discloses itself as a 
large cinder cone. This one [Wizard Island] stands near the west^^rn margin of 
the lake. * * * The other two prominences are disclosed only by the plummet, 
for their tops are submerged, one at a depth of about 450 feet, the other at a 
depth of about 825 feet. The depth of the floor upon which these prominences 
stand varies from 1,600 to 2,000 feet. At the deepest cast the wire gave a reading 
of 1,996. To this should be added a small but unknown correction for the stretch- 
ing of the wnre, which will make the true depth of this cast fully 2,000 feet. So 
far as known to me this is the deepest fresh water in the United States." 

On the map (PI. VI) the principal soundings are noted. From this data, together 
with information from Mr. W. G. Steel, who was present when the soundings were 
made, the presence of two sublacustrine cones is inferred, and it is clear that a 
large mass of lava spread from the Wizard Island vent over the lake floor. The 
great depression toward the eastern margin of the lake may not have been filled up 
any after the caldera was formed, but it is evident that the depth of the western 
portion has been greatly reduced by the material erupted from the three small 

a Eighth Ann. Kept. U. S. Gcol. Survey. Part I, 1889, p. 157. 
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vents upon its floor. It appears well within the lK)und8 of reason to assume that 
1,500 feet is not greater than the average depth of the original caldera below the 
present level of the lake. 

The area of the caldera, as marked out l)y the cre.<«t of the rim, is over 27 
square miles, and its original volume, making some allowance for th*e subsequent 
refilling from the craters on its floor, is about 12 cubic miles. If to this wo^ 
add 5 cubic miles for the part of the mountain above the caldera — and this is 
a conservative estimate; — we get 17 cubic miles of material, for whose dis- 
appearance we have to account. If this material were blown out by a great 
explosion and fell equally distributed upon th(» outer sloi>e of the rim within 3 
miles of the crest it would make a laver over 1,000 feet in thickness. This mass 
would be so conspicuous and composed of such fragmental material that its 
presence could not be a matter of doubt. There can be no question concerning 
its complete absence, for the surface of the outer slope of the rim exposes every- 
where either glaciated rock, glacial moraine, or pumice, all of which are features 
which belonged to Mount Mazama before its destruction, and no trace of a frag- 
mental rim, such as is referred to above, was fouiid anywhere. 

The phenomena on the outer slope of the rim lend no support to the view that 
Mount Mazama was blown away and the caldera produced by a great volcanic 
explosion. In fact, they completely negative such a view, and we are practically 
driven to the opinion that Mount Mazama has been engulfed. Major Dutton, 
who studied the rim of Crater Lake with a training gained among the active 
volcanoes of the Hawaiian Islands, recognized the wide distribution of the pumice, 
but the absence of a weil-detined fragmental rim kept him from attributing the 
origin of the caldera to an explosion. On the other hand, he fully appreciated 
the difficulty of proving that it originated in a subsidence." He says: 

"In the Hawaiian caldems the evidences of sinkage are conspicuous. They are 
not confined to the deeper floors of the pits, but are also seen in the partial subsi 
dence of great blocks or slices of the walls immediately enclosing them, and in 
irregular sunken six)ts in their vicinity, also in the marks of powerful shearing 
or faulting ac*tion in the walls themselves. They appear to be correlated to the 
remarkably quiet habits of the Hawaiian volcanoes, to their habitual modes of 
eruption, and to the special structure of the volcanic piles, which do not rise in 
steep conical peaks, but are very broad and flat. At Crat(?r I^ake, neither in the 
walls themselves, nor in the immediate neighborhood back of the crest line, have 
any traces of sinkage been observed as yet. Nothing can at present be pointed 
out which suggests the Hawaiian mode of origin, l>eyond the fact that a vast 
crater is before us. The general stru(;ture and habits of the Cascade volcanoes 
are indicative of a more vigorous style of volcanic action than the Hawaiian." 



"Scieiicf, Vol. VII. IHM), p. 181. 
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this sort are well known in connection with the* Hawaiian volcanoes. In 1H4^K 
according to Prof. .1. D. Dana, there was an eruption from the slopes of Kilaue^, 27 
miles from and over 3,(K)o feet })elow the level of its summit. At Kilauea the 
summit of the lava cohunn is well exposed in a lava lake. In connection with th(» 
eruption of 1840 the lava of the lake subsided to a depth of 385 fe^t, and the irregular 
walls surrounding it wen* left without support and broke off and fell into the molten 
material below. During the intervals between the eruptions of Kilauea the molten 
colunui rises toward the surface only to l)e lowi^red by subsequent eruptions. The 
subsidences, how(»ver, are not always accomi)anied by an outflow of lava ui)on the 
surface. At other times it mav gush forth as a great fountain hundreds of feet or 
more in height as if due directly to hydrostatic pressure. 

That Mount Mazama disappeared and the caldera originated through subsidence 
seems evident, but the corresponding effusion upon the surface, if such ever 
occurred, has not v«»t been found. It is hardlv conceivable that 17 cubic miles 
of material, much of it solid lava, could collapse, be again melted, and sink away 
into the earth without a correlative effusion at some other point. 

The bottom of the caldeni at its deepest portion is at an elevation of 4,2()0 feet 
above sea level, and it is not to be expected that the iK)int of escape would occur 
at any higher level. Klamath Mai-sh, which lies at the eastern base of the Cascade 
Range, is over 2()0 feet higher than the bottom of the caldera. This would indicate 
that the effused mass should be sought on the western slope of the range, where the 
4,20()-foot contour occurs, along Rogue River, at a distance of less than 12 miles 
from the rim of the lake. The correlative lavas might perhaps be expected to be 
dacites closely related to the final flow of Mount Mazama, but on Rogue River the 
lavas are generally basalt, and there is no suggestion of the escape of such an 
enormous mass of lava as recently as the time of the great collapse. Whether or 
not we are able to discover the* corresponding effusion, there seems no reasonable 
doubt that Mount Mazama was once a realitv and that it was wrecked bv engulfment. 

CRATKIl L.AKE. 
TEMPERATURE OF CRATER LAKE. 

Among those who visited Crater Lake with the Mazamas in 18J>6 was Dr. Barton 
W. Evermann, of the United States Fish Commission, who made some observations 
on its temperature. He reported that on "August 22, at a station alx)ut 2^ miles e^ist 
from the southeast corner of Wizard Island * * * the surface temperature 
was 61^; at a d(»pth of 555 f(»et, 31^^: at 1,040 feet, 41^ ; and at 1,028 feet, which was 
at the bottom, 4f) • . •'" He further remarks that ''If there })e no error in our observa- 

" Mazama, Vol. I. No. 2, p. 282. 
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tions. it sooiiis i-crtain that the waters of t'ratcr Ijtike are xtill receiv- 
ing heat from the roeks upon which they rest.'"" His observatioiiM 
wert' made with a Negretti-Zamhi-a deep-sea thermometer, tripped 
Iiy mt-ans of il projK'Iler. Dr. Evermiinn says:" 

"The only iws.'iible sourcu of error which has yet suggested itwelf 
is tliat the propeller iimy not always have worked ]>r(iperly. It is 
(Mtssible that, in some cases, when we liegan hauling up the theriiiom- 
ct*>r, the propeller failed to reverse until some moments later, in 
which ease the reading would Ih* that for souie depth other than the 
one desired. This is a im.-*sibility, though it seems U) me improbable. 
The oliservations should lie carefully repeated before the conclusions 
suggested by the results should he aeeepted." 

The voh»nic rocks of Wizard Island, although re<-ent, are suffi- 
ciently old to have completely emiled off. There are no visible fimia- 
roles or hot springs anywhei-e about the lake to indicate local 
remnants of volcanic heat, and it was not expected that the >x>ttom 
water would Iw wanner than the main body of the lake. Dr. Ever- 
mann's observations suggest that the point of latest volcanic activity 
on the floor of the lake is now beneath its surface and possibly near 
one of the two e^nes located by the soundings. He made only one 
series of oliservations to depths beyond 5CM) feet. 

To settle this matter, if po.ssible. several thermometers of the 
coumion form, but with thick glass jackets to withstand pressure, 
were obtained from James Green, of Brooklyn, and a reel having a 
rapid winding attachment was prepared for their manipulation. 
Hard-dmwn tinned-steel wire, No. .('4:i. was found best suited to the 
work. Each thermometer was placed in a protecting bi-a-ss tube (A in 
fig. 2), closed by a perfomted rubber cork, and placed in a cylindrical 
bucket B, 3i inches in diameter, having an upward opening valve C at 
each end to allow the water to pass through while the bucket wa.s 
descending, but to hold it confined whih- ascending, and thus not 
only preserve the temjieratui-e of the thermometer but at the same 
time to furnish a sample of the wat*'r from any depth desired. The 
stone I) and double hcwk E were relea-sed f ivim the susix-nding liar F 
at the end of the wire when the bottom was stnick. Loops were 
placed on tlie wire at intervals of MO feet, so that several theniiom- 
etcrs could be sent down at the same time. After lowering the 
thermometers they were moved vigorously up and down for a few 
minutes to fill each cylinder with water. They were allowed to 
remain there for half an hour to make it sure that the thermometer 
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in each case had a(*quired the teinix»Tature of the place. The therinometerH were 
raised as rapidly as possible and read at the surface*. The thennometer from a depth 
of over 1,^K) feet reached the surface* and was read in less than 4 minutes. Experi- 
ments showed that by changing the water in the cylinder as noted alwve the ther- 
mometer readily acquired the water's temperature, but with valves closed and water 
confined in the cylinder, as when ascending rapidly, the thennometer was amply 
protected from the influence of the higher temperature of the surface waters. 

In order to eliminate the chances of failure as far as possible we obtained from 
the United States Fish Commission, through the kindness of Dr. Evermann, a 
Negretti-Zambra deep-sea thermometer, tripped by a messenger sent down the wire. 
He furnished us also the necessary apparatus for using the thermometer. This 
thermometer and the ordinary form noted above were sent down together a num- 
ber of times, and invariably agreed when brought to the surface. The Negretti- 
Zambra several times allowed the messenger to pass the clip without reversing, but 
when registered there is no danger of change by surface temperature. The two 
forms of thermometers were generally usexi on the same wire 500 feet apart. 

Observations were made at throe widely sejmrated points to a depth of over 
1,300 feet, and the results are given in the accompanying table. The temperature 
of the lake everywhere below a depth of 300 feet is approximately 39^, and the 
bottom contains no appreciable volcanic heat. 
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Temperature of (Jraier Ijtke.. 



• 1 

1 

Depth. 

Feet. 
1 
100 . 
200 . 


1. 

I>egreen. 

48 


' Degrees. 
50 


8. 

Degrt'en. 
51 


4. 

Degree)^. 
50 


5. 

Degree*. 
52 
^42 










<' 40. 5 


• .800 . 




_ _ _ _ _ 






'^89.5 


r 

400 


«89.5 


5(X) 


<( 89 


"89 




''89 


''89 


972 . 




h9 


1,000 . 








............ 

«89 




1,:KX) . 






<' 89 
(Bottom. ) 




1,442 . 
1,472 . 

1,942 . 






f> 88. 5 










''89 








« 88. 5 
(Bottom.) 


( Bottom. ) 




J 







o Common form of thermometer with thick nrlawi jacket inclooed in brass tube and Huspended in bucket 8i by 
12 inchc>8. 

b Negretti-Zambra deep-sea thermometer. 

No. 1. July 8, 1901, 8 a. m., f mile toward island from Eagle Cove. Thermometer down 30 minuteii: raised from 600 feet 

in 2 minutes. 
No. 2. July 8, 1901, 9.40 a. m., k mile toward island from Eagle Cove. Both common form and Negretti-Zambra sent down, 

but messenger failed to trip Negretti-Zambra. Down 80 minutes; raised in 4 minutes. 
No. 3. July 8, 1901, 10.60 a. m., k mile toward island from Eagle Cove. Thermometer down 80 minutes; raised in 6 minutes 

from 1,306 feet. 
No. 4. July 17, 1901, 8.40 a. m. Near deepest part of lake, where line from Dutton Cliff to Cleetwood Cove crosses line from 

top of Cinder Cone, on Wizard Island, to Cloud Cap. Put common form at end of wire and Negretti-Zambra 500 

feet higher. Sent common form down first to 1,000 feet; left down one-half hour and raised in 4 minutes; then 

sent to bottom — 1,942 feet— with Negretti-Zambra at 1,442 feet, and bottom one came up in 8 minutes. 
No. 6. July 19, 1901, 9.10 a. m., i mile south of Cleetwood Cove. Surface temperature, 5/29; but at 10.40 it was raised to M°. 

At 972 feet Negretti-Zambra failed to trip and register. This last series was observed by Jame«4 Storrs and E. \V. 

jpcrchberger. 

It may be noted also that Crater Lake, although over 6,000 feet above the sea, 
does not freeze over in winter, as do the Klamath lakes, at a much lower level, upon 
the eastern side of the mountain. Mr. E. W. Herchberger, a trapper, saw Crater Lake 
March 15, 1895, without ice. The winter was very cold. At the same time Diamond 
Lake and the Klamath lakes were covered with thick ice. He saw the lake halt a 
dozen other times in the depth of winter from the east and never noted any ice. On 
February 18, 1900, he saw the lake from the west and noted ice over the shallow 
water l)etween the island and the west shore, but none elsewhere. Although the 
lake is always open, Mr. Herchberger never saw any water birds on the lake in the 
winter 

CHANGES OF WATER LEVEL IN CRATER LAKE. 

An examination of one of the embayed shores of Crater Lake in August or 
September will convince anyone that the lake changes level. Ljite in June a little 
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crustacean, Daphnia pulex pulicaria^ swamis along the nhore and attracts other 
minute forms in abundance to the same place. A white deposit composed of the 
remains of these organisms marks the shore line at the upper limit of their abundant 
appearance, and as the season advances lower levels are marked in the same way. 
During the summer, when there is rapid evapomtion and little or tio precipitation, 
the surface of the lake subsides, but during th(» miny winter it rises again. The 
osc*illation is limited to about 4 feet. The rising and the sinking balance each other, 
so that the lake maintains in general nearly the same level. No observations what- 
ever have been made when the wati^r was at its high(?st stage, which is supposed to 
be early in May, but the lowest turning point was reached in 1901 about the 1st of 
October. The high and low points vary from year to year with the seasons, but the 
change is so gradual and on the whole so small that distinct beach levels are not 
developed. The lowest water known was observed September 26, 1898, when it wjis 
less than a foot below its level on Septeml)er 15, 1901. 

August 22, 1896, a gage was erected on the shore of Crater Lake, for the Maza- 
mas, by C. H. Sholes, president, and Earl M. Wilbur, secretary-. The gage was 
made of a board 5f inches wide and 10 feet long, with scale subdivided to tenths of 
a foot. It was nailed to a log extending from the shore into the water, and zero 
of the scale was placed just 4 feet beneath the water surface, thus allowing the water 
to sink 4 feet without leiiving the scale. A copper pocket fastened to the upper 
|:Mirt of the gage contained a record book, in which visitors at the lake were asked to 
note the height of the water. Fearing that this fragile gage might not escape iu?ci- 
dent from rolling stones or sliding snow, AV. AV. Nickerson, of Klamath Falls, was 
requested to insert a bolt in a clitT near the gage and carefull}- determine the height 
of the bolt above the water and read the gage. In the record book, September 25, 
1896, Mr. Nickerson records the height of the water on the gage 8.425, and adds: 
"Also strengthened the gage, as request(»d by Messrs. Diller and Steel, and put up 
copper bolt 50 feet to the west of the gage at an elevation of 5.75 feet above the 
present level of the water." The gage was broken off during the following winter 
and cast adrift on the lake. 

August 13, 1901, James Storrs and Fred. Larsen, while making stream measure- 
ments, found the copper box containing the record book in 5 feet of water along the 
shore of Danger Bay, about 3^ miles east of Eagle Cove, where the gage had been 
established. The records were well preserved in th(» book, notwithstanding the five 
years' soakmg, and enabled us to find Mr. Nickerson's bolt and reestablish the 
Mazama gage level. We painted the scale shown in PI. XIII, .4, on a rock a short 
distance northwest of Nickerson's bolt, and added a scale also on the rock containing 
the bolt, the rock at the last place being too rough for small divisions. The zero of 
these scales has the same level as that of the Mazama gage, and all known readings 
of the lake level have been reduced to that scale in the following table. 




WATER GltGE, CRATER LAKE. 




B. RAfT AND EVAPORATING PAN. 
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Water level of Crater luake vrith reference to scale established by Mazamas, Atigtist 2iij 1896, 



IJate. 



Sopt^inlwr 10, 1892 



SepteinlHT 2«», \m^ 



Au^ist 22, 18fm 



August 30, 1896 . . . 

September 4, 1890 . 
Septeml)er 5, 1896 . 
September 13, 189<5 
September 25, 1896 



AugUHt 1, 1897 



July 1,1901.... 
July 20,1901... 
August 1,1901 . 



August 16, 1901 



SeptemlK^r l,liK)l 



September 15, 1901 



October 12, 1901 



Height of 
water. 



Feet. 
4.142 






4.00 



4. 



/ / 



4.9a5 
4.613 
4.42 

4.11 

3. 92 

3. 24 

3.39 



Remarks. 



3.90 

3.825 ■ 
3. 820 ' 
3. 500 
3. 425 



Mr. F. V. Coville found "O. H. Herch»)erger, Sept. 10, 1892" 
painted on a detacluMl l)owlder a few yanls west of l)oat land- 
ing, and reports tliat Aug. 1, 1897, "the lower end of tlie 9 
was 74 in(^hes beneath the siirfatte of the lake." 

Mr. F. V. C'oville found "Dr. Kirchgessner, Heath Kirehgess- 
ner " '' i)ainted on a roek in place a few yards east of the land- 
ing, and reports that "the lower part of the H was 27 inches 
beneath the surface of the lake." 

C. H. Sholes and F^irl M. Wilbur, prasident and secretary of the 
Mazamas, Portland, Oreg., established for the society a wooden 
gage. Zero of the scale was 4 feet l)eneath the surfa<'e of the 
lake.'' 

(The record 4.9 should evidently be 3.9, as the lake surface was 
sinking.) 

J. S. Diller, observer. ( Rate of fall a day for 13 days, 0.01 35 foot. ) 

E. B. Barrows, observer. 
Thomas Croxton, observer. 

W. W. Nickerson, observer, who lixetl lx)lt in rock west of gage 
and 9.175 feet above zero of Mazama scale. (Rate of fall a 
day for :i4 days, 0.0169 foot.) 

F. V. Coville made a mark " 3 ft." on roi'k 250 yanis east of foot 
of trail, and another " c " on a rock 60 yanls west of trail. Zero 
of Coville's scale=4.77 of the Mazama scale. The remnant of 
the old Mazama gage has subsided considerably since Mr. 
Coville's observations. 

J. S. Diller, observer. 

J. S. Diller, observer. (Rate of fall a day for 19 days, 0.0155 foot. ) 

E. W. Herchl)erger, observer. (Rate of fall a day for 12 days, 

0.0158 foot.) 
E. W. Herchberger, observer. (Rate of fall a day for 15 days, 

0.0266 ioiA. ) 
E. W. Herchberger, observer. (Rate of fall a <lay for 16 days, 

0.0118 foot.) 
E. \V. Herchlx»rger, observer. (liateof fall a day for 14 <lays, 

0.0486 foot.) 
E. W. Her(hl)erger, observer. (Rate of rise a day for 2^* days, 

0.0051 foot. ) 



Average rate of fall from July 1 to Septembi-r 15 (77 day-s), 0.0236 foot per day. 

"These niiirk.s t-ould not U' found in July, 1901. 
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Summary of fluctuaHons of Crater Lake. 



Period. 



1896. 

August 22 to September 4 

September 4 to 8epteml)er 25 

1901. 

July 1 to July 20 

July 20 to Septemlxjr 15 

A verajje for 



Number 
of days. 


Rate of 
subsidence. 




FwU. 


13 


0.0135 


21 


.0190 


19 


. 0155 


58 


.0236 


111 


.0179 




1 



At this rate in 365 days it would sink only 6.53 feet, i. e., 78 inches, which is 
much raore than the annual precipitation. Howeyer, in this consideration it must 
be remembered that the rate of loss noted is entirely too great for the winter, 
when evaporation is much slower than in summer. 

No positive evidence has l>een observed anywhere on the inner slope of the 
rim that the lake was ever considerably higher or lower than it is to-day. The 
complete absence of beach lines above those of the present level of the lake is 
conclusive that the lake never stood higher, but marks of any kind as to lower 
levels would be submerged. The shore line at many points is a steep bluff of 
rocks, but at many places, especially at the foot of small gulches, of which there 
are a great many, an alluvial cone shallows the water sufficientl}' so that the bot- 
tom is visible for nearly 200 feet from the water's edge. Where widest these shore 
deposits are relatively a very narrow fringe about the margin of the lake, making 
only a slight shoulder on the steep slope which extends from the top to the lK)ttom 
of the rim. 

It may be of sufficient interest to warrant mentioning here certain misleading 
evidence which may appear. In 1896 a tree was found ne^r the west shore of 
Wizard Island standing erect in 37 feet of water. The trunk was broken off just 
above the water level, and the roots at the base were seen through the clear wat<^r 
on the bottom as if the tree grew where it was standing. It could not be shaken 
from the boat, and it was evident that if the tree grew where it was standing it 
proved the lake to have been much lower than now at a recent time. Sufficient 
baling wire was secured to reach the shore, and it was discovered that the tree 
had no hold upon the bottom. It had drifted from the shore of the island. In July, 
1901, the same tree was off the north edge of the island, at least one-fourth mile 
from its position in 1896. Owing to the steep slopes of the rim a tree frequently 
slides into the water in an erect position, and the* lower part >)ecoming water-logged 
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it floats about the lake with only a few feet of the top projecting above the water, 
and thu8 furnishes a spectacle curious enough to excite the imagination. 



EVAPORATION FROM CRATER LAKE. 



The observations upon the oscillations of the lake surface appeared to show a 
greater loss of water than would be accounted for by evaporation alone, but to get 
more detinite data concerning the matter arrangements were made to determine 
approximately the rate of evapoi*ation on the lake surface. For this purpose a tin 
evaporating pan 13 inches square and i) inches deep was used. To avoid the bright 
reflections its inside was painted dirt brown with pitch and soil. It was suppoiled 
on a raft (PI. XIII, B) so that the lower part of the pan was in the water of 
the lake. The raft was anchored in an open bay where the water was 7 feet deep 
and freely agitated by the winds, but the waves did not move quite so high as on 
the lake. For this reason the evaporation from the pan was possibly less than that 
of the lake. 

The following table gives the observations made at the lake in 1901: 

ObsertxUioiis of efapcratiati from Crater IxUce. 



Date. 


Time of ol)- 
servation. 


Tei 

Air. 


nperature. 
Water. 
I^ke. Pan. 

I)eg», Degu, 


Height 
of water. 

Feet. 


Time 'Amount of 
of water lost 
expo- by evapo- 
Bure. ! ration. 

• 


Kemarkn. 




Tkgs, 


Days. FeH. 




Jiilv 7 


12.20 p. in. 
12.45 p. m. 


58 


52 


52 


0.420 






• 

8 


58 


52 

1 


58 


.410 


1 0.01 


Fille<lto0.42. 


» 


3.20 p. in. 


58 


56 


60 


.405 


1 .015 




11 


2 p.m. 


64 


54 


60 


.380 


2 1 .025 


Fille<lto0.44. 


13 


8 a. m. 


48 


48 


48 


.420 


2 .02 




irt...... 


9.:^) a. ni. 


52 


48 


50 


.360 


3 . 06? 


I)isturbe<i by brtKxi of wild 


















(luckH — no jfoo<i. Fillwl 








t 
1 










to 0.41. 


17 


12.15 p. m. 


55 


48 ; 


54 


.400 


• 1 


.01 


Filled to 0. 42. 


20 


4.45 p. m. 


58 


52' 


56 


. 375 


3 ; .045 




1 


fotal 










10 


.125 


(Omitting ol)Her\'ationH of 
















_ 


July 16.) 



During th(» day the air and the water in the pan })ecame warmer than the water 
of the lake, and during the night they })ecame colder. Twice a day the tempeniture 



58 GEOLOGY OF CRATER LAKE NATIONAL PARK. 

of lake, air, and water in pan agreed, hut generally the tenipt^rature of the water 
in the pan was nearer that of the air than was that of the lake. If the amount of 
evaporation is in large measure pro|X)rtional to the difference of temperature 
between the air and water, the rate of ev^apoiution from the lake must have been 
greater than from thi* pan. However, it is believed that the higher temperatures 
of the pan water under the drv summer atmosphere of Crater Lake more than 
counterbalanced the effect of greater temperature difference, and that the rate of 
evajiomtion from the pan was as great as that from the lake. 

The average evaporation for the 10 days' record used is 0.0125 feet per day. 
At this mte per aniuun the evaporation would be 55 inches. During cloudy winter 
weather evaporation is much reduced, so that 55 inches nmst l)e greater than the 
annual rate. 

Professor Russell, in his map'', makes the evaporation per annum for the Crater 
Lake region about 46 inches, which appears to be a close approximation. 

Observations on evaporation were made also in camp on the rim of Crater Lake. 
Two pans 13 inches scjuare and 5 inches deep were used. One pan (1) was bright 
and the other (2) browned like that on the raft by pitch and soil, and both were 
placed in the sun. Observations were made twice daily and the tempemture of 
the air and water noted, as in the accompanying table. The rate varied consider- 
abl3\ The average loss per day in the bright pan was 0.0186 of a foot, while 
that in the browned pan by its side for the same time was 0.0256 of a foot. The 
dirt-colored pan unexpeetedly gave the highest i*ate of evaporation, and the rate 
from lK)th pans exceeded that on the lake. The tempei'ature of the water in this 
case was nearer that of the air than that in the case of the raft pan, and yet the 
evaporation was so much greater on account of the higher temperature. These 
observations tend to indicate that the evaporation from the lake can not be greater 
than that measured by the pan on the raft, and this gives me more confidence in 
the conclusion concerning the amount of water that escapes b}'^ filtration. 



u Fourteenth Ann. Kept. I'. S. Weather Bureau, PI. VI. 
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Obaen^atioTM to determine evaporation at Crater Ixike. 









Temperature. 


Height of water. 


Loss of water. 




Date. 


Time of ob- 
servation. 


Air in 
shade. 


Water. 
Panl. Pan 2. 


Pan 1 . 
Feet, 


Pan 2. 
Feet. 


Pan 1. 
Feet. 


Pan 2. 






Deg. F. 


l)eg. F. Deg. F. 


Feet. 


July 


8 


5. 45 a. ni. 48 
6 p. ni. 54 

6. 30 a. ni. 48 


40 40 
69 : 68 
40 ' 38 
69 m 
38 ; 37 
66 66 
40 40 


0.410 0.400 
.400 .380 
. 390 . 360 






8 


0.01 
.01 
.01 
.005 
.01 
.01 


0.02 




<» 


.02 




9 


5. 30 p. ni. 
5. 30 a. ni. 


52 


.:^o 


.350 


.01 




10 


48 
(Sun) 62 


. 375 . 340 
.3(i5 ' .320 
. 355 . 315 


.01 




10 


6. 30 p. ni. 
5. 45 a. ni. 


.02 




11 


44 


.005 




11 


....do 






" . 395 « . 380 
. 375 . 365 
. 372 i . 360 
.370 . 355 
.360 -:uo 








12 


6. 30 a. m. 

7. 40 p. ni. 

5 a. ni. 

6 p. ni. 


42 
43 
35 
43 


42 41 
,50 50 
35 36 
62 62 


.02 
.003 
.002 
.01 


.015 




12 


.005 




13 


.005 




13 


.015 




13 

14 


....do 1 






«.410 


(1 . 380 






6 p. m. 


56 


68 


68 


. 390 . ;^60 

1 


.02 


.02 




15 


6 a. m. I 44 


41 
.60 


40 
60 


.385 .:W5 


.oa5 

.015 


.015 




15 


7 p. ra. 




.370 


. 320 


.025 




16 


' 6.30 a.m. 


48 


42 


42 


.360 


. 325 


.01 


.oa5 




16 


6. 30 p. m. 


55 


66 


64 


.350 .295 


.01 


.03 




16 

17 


....do ! 






«.400 1 «.390 








....do 


58 


68 


68 


. 375 


.365 


.025 


.025 




18 


....do 


56 


66 66 


.350 


.340 


.025 


.025 




19 


7 p. m. 




66 


66 


.335 


.315 


.015 


.025 



Total loss of water in 11 J days 215 



Average evap^^ration per day 



.0186 



« Pans refilled to height indicated. 



INFLOW OF CRATER LAKE. 



.295 



0256 



The dminage area within Mount Mazama is very small as comparod with the 
sizo of the lake. It is circumscribed by the crest of the rim and limited to its inner 
slope, with an area, according to Mr. E. C. Barnard, of 27.48 square miles. As the 
area of the lake, including Wizard Island, is 21.80 square miles, the drainage area 
(encircling the lake is 7.06 square miles — that is, less than one-third of the size of the 
lake itself. The prevailing southerly and southwesterly winds of winter, when the 
precipitation is largest and is in the fonii of snow, greatly increases the cMchment 
over the normal precipitation by drifting snow over the southern rim. It hangs 
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upon the inner slope and furnishes many avalanches to the lake during winter 

as well as many small streams in summer. Sixtv-three small streams wci'e closelv 

fc •- •■ 

estimated or measured by running them over a weir at the end of a trough, and it 
was found that during the time we were there they added to the lake 10.754 eubic 
feet per second, or 92J),14:5.6 cubic feet p(*r day. The area of the water surfac^e of 
the lake is approximately 20.42 square miles, and the water added to the lake in a 
day, although it seems large in the streams, would mise its surface only 0.(M)002 
foot, an amount which is not appreciable. 

OUTLET OF CRATER LAKE. 

Crater Lake has no visible outlet, nor any other reaching the surface directly 
within a few miles, for if such were the case the water would issue with great 
force on account of the pressure. If there are outlets at lower levels the I'oute 
to the opening nmst be long and tortuous, so that the friction completely overcomes 
the pressure and allows the water to issue as from an ordinary spring. 

The annual precipitation in the region, roughly approximated years ago by Mr. 
Gtinnett and republished by Mr. Russell, was given as from (JO to 70 inches, while the 
annual evaporation, by the same authority, is 40 to 50 inches. 

We may get a suggestion as to the precipitation in the region from the snow 
line marked by moss on the trees. On the southwest {X)rtion of the rim the snow 
line mnges from 5 to 20 feet above the ground. The variation is due to drifting. 
On Wizard Island among the trees the wind has much less effect, and the snow line 
is sharply marked 12 feet from the ground. This probably represents a fair 
approximation to the avemge depth of snow. Most of the precipitation is snow, 
although there is some luin. There is considerable snow properly included in the 
precipitation estimate, but not represented in the snow line. 

Measurements were made in a 12-foot snow bank near camp to determine the 
wate.r equivalent for such a bank of snow. The average of a number of trials at 
different levels, which differed but little among themselves, was that 87 inches of 
snow yielded 22 inches of water. The snow was probably more compact than 
that of the island, but it was not satumted with water, for we failed entirely to 
get water from snow holes, as we had done in previous years. The snow was dry. 
Twelve feet of such snow would equal about 85 inches of water, and it is believed 
that the average annual precipitation for that region is nearer 80 than 70 inches. 
The peculiar position of the caldera on the summit of the broad range greatly 
increases the catchment of the basin, for the winter storms from the south and 
southwest drift vast quantities of snow from the gentle outer slopes of the rim 
across the crest, to lodge in great banks on the inside. It seems evident, there- 
fore*, that much water nmst escape from this closely landlocked lake by percolation 
Viesides that which leaves ])y evaporation. 
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It was for the purpose of getting, if possible, an approximate measurement 
of the amount thus lost by percolation that observations were made last summer 
of the evaporation and inflow at the same time that the sinking of the lake 
surface was measured. From these observations it appears that while the lake 
sank at the rate of 0.0155 foot per day, notwithstanding a small influx, the loss by 
evaporation was only 0.0125 foot per. da3^ In other words, an amount equal to 
about one-fourth of that lost by evaporation escapes by percolation through the 
porous base of Mount Mazama. 

The walls of the caldeiu inclosing the lake are made up of alternating sheets 
of lava dipping away from the lake practically in all directions, and are so porous 
as to afford easy passage for much water. Springs are abundant and remarkable 
in size, especially on the southeast side, along a fault which forms a bluff extending 
from Modoc Point by Fort Klamath far up directly toward Cniter Lake. 
It is very prolmble that this fault, cutting the old lavas of Mount Mazama, affords 
an outlet for much of the water that percolates through that portion of the rim« 
Much of this spring water appears to })e appreciably warmer than that of the main 
lx)dy of Crater Lake. 
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THK i>ktko(;kaphy of crater lake national park 
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HYPER8THEN>]-ANDE8ITE8. 

The andesites are the oldest of the volcanic rocks of Crater Lake and form 
the great bulk of the exposed rocks. They are all hypersthene bearing, and may 
therefore be classified as hypersthene-andesites. But in spite of the fact that they 
may all be placed under this one head, there is a remarkable diversity in their 
external appearance, inasmuch as they var^- in color from black to light gray or light 
drab and in texture from vitrophyric to holocrystalline. This diversity of texture 
and color is confined, however, to the groundmass; that is to say, the phenocrysts, 
although they may show many and varied distinctions, do not appear to be depend- 
ent in their variations upon the character of the groundmass to any very great 
extent. In the following description of these rocks the phenocrysts will be first 
considered, as they occur in all the andesitic varieties, while the groundmass will 
be described in connection with the discussion of the different varieties, which 
depend entirely on the variations of the groundmass. 

MINERAL COMPONENTS. 

The phenocrysts of these rocks are basic plagioclase, hypersthene, augite, 
and magnetite. The last-named niineiul, to be sure, does not appear as a pheno- 
cryst in the hand specimen, but it is always pr(»sent and belongs in part to the crN^s- 
tallizations of the first generation. To the above should be added olivine and 
hornblende, which are very seldom present. 

PlJVdIOCLASE. 

As a phenocryst plagioclase occurs usually in stout crystals with sharply 

developed faces and mther numerous crystal forms, such as have been repeatedly 

described as characteristic of andesites in general. The most prominently developed 

form is usually the brachypinacoid (010), the habit of the crystal being thick-tabular 

pamllel to this form. The next most prominent form is the basal pinacoid (001), in 
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addition to which may usually \fe found a macrodonii*. prolMbly (101). and the two 
fjartial priKinH (110) and (lIO). Thin habit causes sections parallel to the brachy- 
pinacoid to have hexagonal shai^e and sections cut perpendicular to this face to have 
very often nnrtangular or five- or six-sided shapes. The plagioclase cn»'stals usually 
measure 1 or 2 millimeters in longest diameter. At most the dimensions reach 3 or 
4, but not infrequently are considerably less than 1 millimeter. The}' are nearly 
always abundant, but nuM;ros<ropically are conspicuous only in case of the dark- 
colored sfKMMmens with glassy groundmass (2, 3, 17). In the hand specimen these 
plagi^>c*lases are nearh' always jjerfectly fresh and glassy. They can not readily be 
distinguished from sanidine, owing to apparent absence of cleavage and twinning 
striations. 

In a few cashes twinning appears to be entirely absent, even in thin sections, but 
usually the customary albitic twinning is very pronounced. This may be developed 
in a few broad (lands or in manv thin ones that mav or mav not extend across the 
crystal. Not inf recjuently twinning striations at right angles to the fii'st and pro- 
duced by the application of the pericline law of twinning are to be seen. Crystals 
thus twinned may b(j still further complicated by the presence of twinning after the 
Carlslmd law. 

Maxinmm extinction angles measured to the right and to the left of the trace 
of th(>. aU)itic twinning plane on sections cut at right angles to the brachy pinacoid 
indi(*at<*. in almost (»verv case that these plagioclase phenocrysts are very basic and 
are to In^ classed as anorthite. Out of a large numl>er of such measurements the 
following may be given as indicating fairly average results. In each case the 
angle given is the largest that was noticed in the specimen referred to. 

Maximum extinction anijUn of plagioclase. 

No. 41 24*» 

N()M. «, 4:J 26° 

No. 44 27° 

No. (i5 28° 

NoH. 1 1, 24, »1, :i5 30O 

No. «Ml 31° 

NoH. 2, H 330 

N<»H. :j, 42 350 

No. 1\) 380 

It is not to l)e inferred from the above that the smaller number of degrees nec- 
essarily giviw the actual niaxiinuni extinction, inasmuch as it is not always possible 
to lind a crystal cut so as to give such angles. 

Almost invariably these phenocrysts show a well-developed zonal structure. 
This is very much nion» marked in sections parallel to the bi-achypinacoid than 
in those cut perpendicular to that face. The geueml rule in such cases seems 
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to hold true here also, namely, that the extinction angles near the margin of a 
crystal are less than near the center. In No. 79 the crystal whose extinction 
angle is given above as 38'^^ for a section cut at right angles to the brachypina- 
coid gave at the margin an extinction angle of only 30^. This difference of 
eight degrees for such sections, while perhaps not rare, is larger than ordinary. 
In very many cases the difference in such sections is not marked. The 
different extinction zones sometimes gmdually shade into each other; sometimes, 
however, the transition is abrupt, or relatively so. Not infrtHjuently a narrow 
margin will show a notedly smaller extinction angle than does the rest of the 
crystal. In still other cases the crystal may be divided into very irregular 
patches that show either undulous extinction or somewhat different appearing 
zonal banding in the different parts. A recurrence or alternation of bands that 
show respectively greater and small(»r extinction angles in the same crystal is by 
no means rare. 

As is customarily the case in andesitic rocks, these plagioclase phenocrysts are 
often characterized by inclosures. These embrace glass, augite, hypersthene, mag- 
netite and apatite, as well as other not well-chai-acterized su})stances. With the 
exception of glass these inclosed substances are only occasionally met with, and then 
any one or more or even all of them may be seen in the same crystal. Even glass, 
which is so often characteristic of andesitic plagioclase, is by no means always 
present. In some cases none of the plagioclase phenocrysts contain su(;h inclosures; 
in other cases some phenocrysts may contain none while others may be tilled or 
perhaps contain only scattered inclosures. These glass inclosures are usually very 
irregular in form, but they may also be simply spherical, or oval, or polygonal. In 
color they are sometimes a clear deep brown and are either absolutely free from any 
crystalline matter (17), or else* in inclosures of the same brown color there ma}'^ be 
seen microlitic inclusions of augite and magnetite, exactly the same as are to be 
found inclosed in the brown glass base of the groundmass (!♦>, 6), or, again^ a 
minute gas bubble (6, 26^ 17). Such gas bubbles are apparently much more apt to 
occur in brown glass inclosures in the plagioclase pheiiocrvsts than in the colorless 
glass inclosures referred to below. Brown glass inclosures are confined mainly to 
those andesites that have an abundant brown glassy base and that belong to the 
hyalopilitic; type. But exceptions to this rule have been noted (42) where a some- 
what paler glass occurs inclosed in plagioclase phenocrysts that are embedded in a 
hypocrystalline groundmass in which little or no glass base can be readily identified. 
In this case it is of interest to note that a pale- brown glass of the same color as that 
of the inclosed glass, and practicully free from microlitic or other crystals, occurs in 
more or less isolated areas formed by the meeting of several phenocrysts of plagio- 
clase or of other minei*als. Brown glass inclosures occur nearly always isolated or 
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sparingly scattered through the crystal and not conspicuously parallel to the out- 
lines of the phenocryst. There are, however, a few cases where this brown glass 
thickly crowds the crystal or a part of it, or occurs in a zone intermediate between a 
clear center and a clear margin, exactly analogous to what is descri}>ed below as 
more chamcteristic of the colorless glass inclosures in feldspar. 

Colorless glass inclosures of very irregular shape and fair size thickly crowding 
the mass of the feldspar so as to leave the latter in a sort of skeleton form are by no 
means rare, but they can not be said to be so chai'acteristic as are similar occur- 
rences that will l>e described in connection wuth the dacites of Crater Lake. 
Usually colorless glass inclusions are very minute in size and are densely crowded 
together so as to give the feldspar a clouded appearance. Such glass inclusions, 
however, are almost never free from crystalline matter, but contain more or less 
well-defined material similar to that seen in the groundmass of the hypocrystalline 
andesites. Owing to this crystalline matter of the glass inclusions the feldspars are 
rendered not only cloudy but appear dirty, as though tine emery dust had been 
ground into them. These very minute glass inclusions are not always fresh, but 
may contain at times ill-defined doubly refracting decomposition matter. The dis- 
tribution of these beclouding glass inclusions is extremely varied. Sometimes they 
fill the whole of the crystal mass, although they nearly always leave a cle>ar outer 
margin. At other times they are aggregated in the central part of the crystal, 
while still again they may occur in an intermediate zone, leaving both the center and 
the margin clear. In the last case this clouded zone may be rathei- broad and not 
sharply defined either toward the center or toward the margin, or it may be narrow 
and then more sharply delimited. In general the outer edge of this zone is apt to 
be more clearly defined than is the inner edge. 

These thickly crowded glass inclosures are not to ])e found in all the plagioclase 
phenocrysts of the same thin section, nor even in all the phenocrysts of the same 
general habit. Sometimes they are to be seen in onlv two or three, while the 
rest are entirely free from such inclosures. Their occurrence seems to bear some 
sort of relationship to the character of the groundmass, more particularly to the 
amount of the glass present in the groundmjiss. As will appear later, the andesites 
of Crater Lake will be treated under several heads, based upon the nature of the 
groundma-ss. Of these there are three main types, namely: L Those with holo- 
cry stall ine groundmass; 2, those with hypocrystalline groundmavSs; 3, those with 
hyalopilitic groundmass. The last-named type contains an abundance of brown 
glass, the second considenil)le, but not so evidently developed glass, and the first no 
glass at all. The relationship of these dense inclosures to the amount of glass may 
l)e indicated by the following comparison, which is confined to those phenocrysts 
that show well-chaiiicterized inclosures of thickly crowded glass with a clear margin 
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of feldspar outside: Out of sixteen thin sections of andesite with holocrystalline 
groundmass, only two, or 12i per cent, contain such inclosures; out of twenty-one 
sections of the hypocrystalline type, eleven, or 52^ per cent, contain such inclosures; 
and out of twenty -one sections of the hyalopilitic type, thirteen, or B2 per cent, con- 
tain plagioclase of this description. It would seem, therefore, that the presence of 
glass in the groundmass has something to do with the crowding of certain of the 
feldspars with glass inclusions. It should further be stated that plagioclase crystals 
that have suffered partial resorption, so as to appear in more or less rounded forms, 
have a stronger tendency to contain such crowded glass inclusions than have those 
crystals that do not show such resorption. It should also be stated that the above 
comparison does not take into account the very abundant, but larger and more 
isolated, inclusions that do not have a marked tendency to occur in an intermediate 
zone. No such law seems to apply to such inclusions. 

The mineral inclosures in plagioclase are not often very abundant. Magnetite 
occurs in the customary small octahedrons or in grains and apatite in sharp needles 
or slender prisms. Augite and hypersthene are usually to be seen in roundish 
grains that have the same color and general appearance as when not inclosed. At 
times there is to be seen a slightly greenish, finely and irregularly granular mineral, 
associated with the glass inclusions, that appears to resemble augite more than any 
other mineral unless it be epidote; but the great freshness of these rocks would 
seem to exclude the last-named mineral. Another inclosed mineral, that occurs 
in roundish or oval form and has a slightly yellowish color with rather strong 
refractive powers, may be zircon, but no sharply formed crystals of zircon were 
noted. 

Resorption phenomena are very common in connection with these plagioclase 
phenocrysts. They are seen in the roundmg of the corners or in the further eating 
into the feldspars so as to leave them in round grains or in the form of embayments. 
Such corroded feldspar crystals, as stated above, are peculiarly liable to be filled 
with glass inclusions to such an extent that there seems to be but a skeleton of 
feldspar filled with glass. These corroded crystals almost invariably show a clear 
margin of later growth. The formation of an intermediate zone of glass inclusions 
is also very strongly developed, and in this case the outlines of the clouded zone are 
clearly parallel to the outer edge of the newly extended crystal, except where, 
occasionally, the clear margin has developed new crystal faces. In discussing this 
well-known phenomenon Professor Rosenbusch says:" 

'^ Evidently a period of resorption of the already crystallized feldspars is fol- 
lowed by one of rapid addition of new feldspar substance, during which the glass 
inclosures which are taken up in great quantity on account of the mpid growth 

a Mlkroskopiwhe Physiographu*. 3d edition, Vol. II, 1896, p. 867. 
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must arrange themselves parallel to the deformed periphery. Then came a period 
of slow growth, with the consequent freedom from interpositions, and the effort to 
produce regular crystallographic restoration." 

This explanation is plausible and is possibly strengthened })y the fact above 
noted — that the development of this intennediate zone seems in some way dependent 
on the amount of glass present in the groundmass. It would seem that the period 
of resorption was followed, in case of those andesites that have develoi^d a holo- 
crystalline groundmass, by a period of slow cooling, which was not favorable to the 
incorporation of numerous glass inclusions and which continued practically uninter- 
rupted until the whole rock became solidified. Still it does not seem clear just why 
this phenomenon should be dependent on the present condition of the groundmass, 
for both the holocrystalline and the partially glassy groundmasses must have been 
fluid during the period of resorption which is common to both. Another fact often 
observed in studying these rocks does not seem to fit in with Professor Rosenbusch's 
explanation. It is this: That the inner line of these intermediate zones is not always 
as sharp as is the outer one. In fact, it may be quite irregular and not sharply 
defined, as it should be. In such cases it more doselv resembles the srradual 
encroachment of alteration products upon a clear and unaltered interior. Such 
feldspar crystals have the appeai*ance of having been honeycombed in the process 
of resorption, the pores thus produced l>eing filled with the surrounding glass. 
Such a honeycombing, if possible, would not necessarily advance into the interior 
of the crystal equally in all directions nor leave always a perfectly sharp line of 
separation. 

The above-mentioned glass inclosures in plagioclase phenocrysts, as well as some 
of the resorption phenomena and subsequent new growth, are brought out in figs. 
-4, B^ 6\ and D of PI. XIV (page 76) and in the photomicrogniphs presented as 
figs. A, B, and J) of PI. XV (page 80). Figs. .1, Zf, 6^ and I) of PI. XIV illustrate 
the distribution of glass inclusions similar to the groundmass; also the clear margins 
of later growth, free from such inclusions. The glass inclusions are rendered black 
and often opaque through included magnetic dust. 

In addition to the plagioclase crystals already described, there is very often pres- 
ent a phenocrystic plagioclase that occurs in long to short rectangular sections with 
square, diagonally extinguishing cross section. These are crystals elongated parallel 
to the crystallographic axis, and similar, therefore, to the microlitic plagioclases of 
the groundmass of andesites and basalts. In most cases they are entirely distinct 
from the groundmass plagioclase, as well as from the above-described phenocrysts. 
They sometimes form the only plagioclase phenocryst present, but at other times 
they occur together with the first-described kind and form a second generation of 
phenocrysts. This type of plagioclase is characteristic of the lavas of Wizard 
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PLATK XIV. 

CJRT8TAL8 IN ANDEHITE, DACITE, AXD BASALT. 

Fro. A.—}'\Bi(iffc\at^'m hyalopilitir; andenite frrjm Sand Creek. Ma^ified 30 diameterp. Speci- 
misri No. 5. The tflaMi inctluHionH are mainly confinerl to a narrow zone near the margin. Hac> under- 
gone fiartial n^iorfition an<l HC^-rmdary enlaiyement. 

Fio. Ji. — IMaKi^M'laM; in hyalopilitic andenite from Anna Creek. Ma^if]e<l 60 diametere. Speci- 
men No. 10. <ilai4H inrlnmonH are nnifonnly diHtributed in rather large and irre^lar patches. Has 
tindergonff n94r>ri»tirin and Hlight mH^mtlary enlar>;ement. 

Kio. ^'. — IMaKio<rluH<* in hyiKXTyHtalline and(*HiU* from water'H edge under Llao Rock. Magnified 
<(0 diameU;rH. S|MH'imen No. .'U. (xlaMH incluHionn uniformly and thickly difltributed throoghout the 
original cryntal. I Ian undergone? He<'ondary enlargement without resorption. 

Via. />.- I'lagicHtlantj in hypo<!ryHtalline andenitcf from (Jrotto Cove. Magnified 30 diameters. 
H|Mf<rimen No. r>5. (ilawi inclunionH uniformly and thickly diHtributed, original crystal partly resorbed, 
and a mnrondary enlargement pronounciHl. 

Kio. A'. — AndeMiti^ at water'n i^lge we'Ht of Kagle Cove. Magnifie<l 60 diameters. Specimen No. 
11. HhowH a pheufM'ryHt of augit<* Hurrounded in fuirt by a rim of parallel growing hypersthene. See 
IMIgl! H2. 

Kic». F. — A plagifNrlaw^ phencMTynt. From the vitrophyric da(!ite of Llao Rock. Magnified 60 
diauH^terH. S{MM'imen No. 102. Polarize<l light with croHned nicoln. Shows distinct zonal Rtructure 
and two din*<*tionH of ch^vagi;, the lMu<al ])arullel t/> the small face near to the figure 3 and the pris- 
matic {Mirallel t4) the longi^st side. The section is cut nearly ])arallel to the brachypinacoid. The 
interuHHliaU^ shell 2 is mon^ basic than is the center. Sih^ V^^^ 101. 

Fio, (i. — A minute feldH{)ar crystal containing a large indosure of brown glass with outlines 
imrallel to tli(» sidw of the crystal. Fnmi the* vitrophyri(! dacite of Llao Rock. Magnified 400 diameters. 
S|Mu4men No. 101. This glass inclusion (Contains a single gas bub))le which api)ears like a broad black 
ring. See page 106. 

Fio. //.-•( -orriMled hornblende crystal with resorjHion rim of augite and magnetite. From the 
dat^iU^ of <in)use Hill. MagnifiiHl 200 diameters. Specimen No. 105. See page IIL 

Fi(»s. /, 7, A'. — ('rystals found in the cavities of Imsalt from the ))ase of Red Cone, No. 156. Figs. 
/ and ./ an^ hypersthene and fig. A' is ps(ni<lolmM>kite. Stv pages 146 to 148. 

Fi(». A. — Olivine pheiKMTyst. From the basalt of Dci^ert Cone. Magnified 65 diameters. Speci- 
nutii No. 16«. Alteration pnwluct is like that of tig. 3/, but alteration is not so far advanced. Contains 
a plagiodast^ crystal projecting into the side. StH» pagi> 153. 

Fio. M, — An olivine pluMUuTyst almost completely altered to an opaque mass of which magnetite 
apiHMirs t4) form tht* bulk. Fn»m tlu^ basalt on the inside of the crater of Red Cone. Magnified 110 
tllHineti^rH. S|MH>imen No. 174. See page 155. 
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Island (19, 20, 25, 30, 95), but is not confined to that locality. In No. 21, from 
Sentinel Rock, this type of feldspar is represeni:ed, one cTystal of which was noticed 
cutting clearly through a small hypersthene phenocryst. As hypersthene is one of 
the oldest ingredients in these andesites, this would indicate that these plagioclase 
crystals can not be considered as part of the groundmass. This is exceptional, 
however, as in most cases the plagioclase is distinctly younger than hypersthene. 
They do not appear to be much less basic, if at all, than the plagioclases of the first 
generation (20 gives maximum extinction angles on sections perpendicular to the 
brachypinacoid of 30" and 33^). They are usually free or nearly free from inclu- 
sions, but they may contain glass inclusions and even be crowded with the same. 

From the above it appears that, taking into consideration the plagioclase of the 
groundmass, this mineral occurs in man}' of the Crater Lake andesites in three 
distinct generations. The two generations among the phenocrysts are usually quite 
sharply defined and readily recognized, but this is not equally true as between the 
second generation and the third or that occurring in the groundmass. These two 
are apt to shade into each other. In certain instances it is more than possible that 
still another generation may be present. Three generations of plagioclase are 
brought out in fig. I) of PI. XV, which also illustrates a more or less pronounced 
transition Ix^tween the plagioclase of the groundmass and that of the second 
geneiation. In this case the groundmass feldspars are mostly too small to be 
readilv discernible in the illustration. 

The plagioclase of the groundmass varies greatly in size and habit in accordance 
with the degree of crystallization. In the more glassy andesites it is very apt to 
assume distinctly microlitic form, so that the microlitic laths may not measure more 
than O.005 millimeter in diameter; but more customarily they are considerably 
larger than this and develop long and short lath forms that gradually pass into the 
smaller phenocrysts, so that a distinction })etween the two is not always easil}'^ made. 
Usually these plagioclase laths show extinction angles that are not very nmch smaller 
than those of the phenocrysts. For instance, one rock that shows symmetrical 
extinction angles of 2S and 30 ^ among the phenocrysts contains groundmass laths 
with extinctions of 24 , 26 % and 27 . The j)oly synthetic twinning is not always 
distinguishable, but where this is apparently absent an undulous extinction is very 
common. In ccM'tain of the holocrvstalline andesites two generations of feldspar are 
to be seen in th(» groundmass - first, an older, hith-shaped variety with developed 
twinning strijc, and, second, an irregularly developed residual feldspar that usually 
does not show twinning, but which lias an undulous extinction. This last-named 
variety is connnonly in irregular. allotriomor})hic patches of considerable size, 
shows siuHiItaneous or in»arlv sinuiltaneous extinction, and incloses the other min- 
erals of thi' groundmass, such as })lagi()clase laths, augite, and magnetite. This 
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ri^iduml f^l4*|jttr will ^n- riion* fully f'^in^idfivfl in f'onnection with the dei!criptioD 
of tlu; boki<rry»$tiilliri<; ttnd^it<f»<. An ex^i'llffnt I'xample i^ No. 73. 

K^jtb orthorhomlii'' and ni«)b<K;lirii<' pyn>xf?nirs are characterifftic ingredienU 
arnon^ Uji' phf'n^i<rryrtt<*. th«' f'imi<fr U'in^ hyfierMtbene and the latter augite. The^e 
two niin^^raU anr ni'arly always abundant, but are never large enougb to bocome 
prominent in tbe hand p*iK^'irnen. In general, tbey are both of about the name i^ize. 
H^mietitneH one and s^imetinieri the other ^^eing the larger. They are not often 
over I millimeter and never more than 'J millimeters in greatest diameter, and from 
thiM they may nink Uf mifroM^'opif dimensions. In the hand specimen they can not 
\h*. diMtinguiMh^'^i from *meh oth<*r. They have a greenish to brown and brownish- 
gre.4fn r^>lor and distinctly resinous ap[>earance. They are perfectly fresh, and break 
without apfmrent rh^vage in roughly conchoidal fr^^tures. Although frequently 
bunched U>gether, w> as U) ap[x*ar larger than they really are, they require a magni- 
fying glass U) 1h? rlearly si»en. Although Iwth of these pyroxenes are almost always 
prestfait, they vary gn*atly in their relative abundance. For instance, in a series of 
six s|x*cimens c^>llect(*d along the path desamding from the camp ground to the 
waU*.r^H level a ve.rtir»l distan(*x^ of alK>ut 8<H) feet — we have hypersthene the more 
abundant in Nos. 8, JJ, and 24, while th(» n»,verse holds for Nos. 7, 42, and 44. In 
geriftnil, however, hy{K;rsthene is the more abundant (2), although it may become 
H<jarci», (If)). Augit<% on the othcxr hand, is rarely more abundant than hypersthene, 
and is often either sc4irc^» (40) or even almost completely wanting, so as to be repre- 
M49nU*,d by only one or two roundish grains in a thin section (80,56). 

llYrKKKTIIKNK. 

The hyiM^rsthone phenoiTysts usually wcur in well-developed crystals that appear 
in short to long prismatic habit, seldom in very slender prismatic habit. The forms 
nearly always present are the bmchypnacoids and macropinacoids (100) (010), and 
the prism (110). The pinacoids are equally developed, and nearly always are more 
prominent than the prism. This gives to the cross section either a squarish form 
with truncated corners or an octagonal form. The* terminal faces are not so easily 
detennintMJ, l)ut they apjMMir to be a flat pyramid or e(|ually flat domes. In some 
cases this mineral may occur in more or less irregular grains. This is not apt to be 
IIm» case when it occurs isolat^Hl, but it occurs in this manner when it forms nests, 
either alone or with augite and magnetite (2). Usually the hypersthene is older 
than augite, l)ut at times th(» two appear to have l)een foniied simultaneously. 

In not very thin sections hypersthene apjHMirs strongly pleochroic, and is then 
distinctly greenish {mnillel to the vertical axis and reddish or brownish red at right 
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PLATE XV. 

THIN SECTIONS OF AXDE8ITE. 

Fio. A. — Andmte from tlu» south rim of the caMera. Magnified 94 diamotere. Specimen No. 1. 
A photomiiTograph in whito light. Shows a plagioolat<e of the first generation, with the center 
extremely ppongiform and crowdcni with brown gla*v. The ntnictare thus develo|)e<l bears a cloee 
resemblance to the intergrowth of feldspar an<l glass in the light-colore<i granophyric secretions 
among the dacitic ejwitamenta. See page 182. 

Fi(}. li. — Andesite of the hyalopilitic type from east of Saml Creek. Magnified 20 diameters. 
S{)e<'imen No. 15. A photx)mi('rogniph in white light. Shows plagi^K'Iase crystal.^ of two well-defined 
tyi)es. In the center in a phenocryst of the oldest generation with clear margin and clear center, 
corrode<I an one side, and showing an intermediate zone of brown glass inclusions. For descriptionfl 
«HH» i)ageH 74 an<l 84. 

Fkj. (\ — Andesite from the rim south of The Watchman. Magnified 86 diameters. SpecinieD 
No. 60. A photomicrogra])h in white light. Shows a crystal of hypersthene containing small inclo- 
sures of glass, with a bubble in each iiiclosure. Two of tht»se may l>e seen alK)ve the center and to 
the rivfht and left of the two conspicuous cleavage cracks. StH» iwige 81 . 

Fi(i. I). — IIyalopiliti<* andesite from tlu* water's (»dge wivt of Flagle Cove. Magnified 20 diameters. 
S|H»cimen No. 11. A photx)mi<Tograph in white light. The set^ti<m illustrates the o<x;urrence of 
plagioclase in thn^^ generations. First, the olde.»*t, large phenocrysts with glass inclusions, in this 
cast^ near the margin; K»con<l, phenocry.»<ts without gla.ss inclusions and that have mostly rectangular 
forms; tliinl, small laths of the groun<lnia.ss feldspar that are mostly t<x> small to be conspicuous in 
the photograph. See ]»age 77. 

80 
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anglen to this axis. Those rocks are so tine grained that they re<juire rather thin 
sections, so that the hN'persthenes show niucli paler colors; but even in the very thin- 
nest se<*tions one can recognize the distinctive pleochroism, as rays vibrating parallel 
to the vertical axis are always greenish, while those vibrating at right angles to the 
vertical axis are faintly reddish or yellowish. The three elasticity axes agree with 
the three crystal axes, as foklows: <<r = a, h=b, c=C, In convergent light sections cut 
at right angles to the vertical axis give a positive bisectrix and large optical angle, 
while sections cut parallel to the niacropinacoid give a negative bisectrix and a much 
smaller optical angle. In longitudinal sections the parallel cleavage lines are usually 
well developed, as is also a cross fracture, but the customary prismatic and pinacoidal 
cleavages are not often sharply defined in horizontal sections unless the section is 
unusually thin or the crystals larger than common. 

Mineml inclosures in hypersthene are confined to magnetite and apatite, the 
former being very conmion and the latter rare. Glass inclusions, however, are very 
common and characteristic. They are almost always to be seen in the larger and 
sometimes also in the very smallest crystals, and vary in number from one to 
twenty or more in case the crystal is unusually large. They are usually roundish or 
oval, but may be irregular in shape, or they may have polygonal forms resembling 
that of the crystal. They are usually colorless or have a light-brown shade, but 
never the deep brown to be seen in man}- of the feldspars. The color of these 
glass inclusions does not seem to depend on the color of the glass base nor even upon 
the presence of such base. Near I v alwavs each of these inclosures mav be seen to 
contain a gas bu})ble, the size of which does not bear any relationship to the size of 
the inclosing glass. However, one can oft^n find glass inclosures without gas 
bubbles in the same crystal in which most of the glass inclusions conbiin bubbles. 
The size of such inclusions varies from about 0.01 millimeter to verv minute 
microscopic dimensions. In fig. C of PI. XV is presented a hypersthene crystal 
with such inclosures of glass and bubbles. 

Hypersthene is almost invariably i)erfectly fresh. It may at times show a slight 
tiuce of serpentinization through the development of a yellowish, fibrous, polar- 
izing substance. 

As stated above, hypersthene is to be ranked as one of the oldest crystallizations, 
but although it occasionally occurs inclosed in the plagiodase phenocrysts it is not 
always older than this mineral, as the plagiochise sometimes impresses its form on 
the hyi)ersthene. 

In addition to phenocrysts, not a few of the Crater Lake andesites also contain 
very nmch smaller hypersthene crystals with a slender lath-like habit. It is not 
always clear whether these are to })e considered as belonging to a later generation 
and as forming a part of the groundmass or not. In a few cases, at lejist, of decided 

9255— No. 3 -02 (J 
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gla88y varieties (!^ 18, 16). this concluHion sooins to Y)e justified. In such rocks the 
^oundniasM consists of a brown glaiM containing magnetite grains, a few feldspar 
microlites, and abundant slender, almost microlitio prisms of augite and hypersthene. 
The hypersthene is quite unifonnly aFKmt 0.05 millimeter in length and about one- 
fifth U) one-tenth of that amount in width. The augites are sometimes the same 
size, but usually not more than half as large. These hypersthenes of the ground- 
mass are sharp, and they frequently show flat terminations. They contain magnetite 
and also glass inclusions with bubbles. They are mostly very distinct from the 
hypersthene of the first generation in size and habit and are very much more 
abundant. 

AUGITE. 

The phenocrystic augites are, like the hypersthenes, usually shaq>ly crystallized, 
but they are not so persistentl}- idiomorphic. The}' not infrequent!}' occur in 
hypidiomorphic or in granular forms. This, of course, is naturally the case where 
they form nests either with or w^ithout hypersthene. In color they show in thin 
sections a nearly uniform pale green, the depth of color varying with the thickness 
of the slide. They rarely show any appreciable pleochroism, and this propert}', 
together with the stronger interference colors and the oblique extinction, nearly 
always suffices to distinguish them from the hypersthenes. Twinning parallel to the 
orthopinacoid is very common. This is true not only of simple twins, but also of 
crystals with repeated or poly synthetic twinning. 

The inclosures in augite are exactly the same — even to the glass inclusions with 
bubbles — as are to be found in hypersthene. The cr^^stal form is also very closely 
analogous to that of the orthorhombic pyroxene. These are the prism with brachy- 
pinacoids and niacropinacoids and a flat terminal form, presumably a pyramid. 
Usually, however, the prism and the pinacoids are alK)ut equally developed. 

Parallel growths of augite and hypersthene are occasionally to be seen (11,171), 
in which the augite fonns more or less irregular shells around the older hypersthene 
(see fig. A' of PI. XIV, p. 7i\); but this phenomenon is by no means as common as 
with the basalts of this region. A more detailed description will be found under 
the basalts. 

As a groundniass constituent augite is very characteristic and is universally 
present. In proportion to the development of hypocrystalline groundmass, this 
mineml is to be seen in more and more granular form. In the grea,t majority of 
specimens, however, this mineral assumes well-d(»fined slender prismatic form. In 
the hyalopilitic varieties the fomi is very sharp indexed. The crystals measure two 
or three or even five times as long as wide. In exceptional cases the length may be 
proportionately greater still. Usually in sharply developed crystallites the width 
varies between 0,001 and 0.004 niillinieter and the length lietween 0,01 and 0.03 
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millimeter. In the holocrystalline varieties the augites are not only granular in 
8hape, but usually much larger. Both microlitic and granular individuals custom- 
arily inclose minute magnetite in octahedral and granular forms. 

ACCESSORY MINERALS. 

Qiuirtz does not appear to form an essential ingredient in these andesites, except 
as it may form jmrt of the allotriomorphic colorless material to be seen in most of 
the holocrystalline varieties. With this exception this mineml has been (;ei*tainly 
identified in only two cases (46, 79), and in these two cases it does not occur at all 
evenly distributed, but only in a few irregular gmins that may easily be accounted 
for by secondary or accidental causes. 

Tridymlte was recognized in only one case, an andesite of a decidedly dacitic 
type (79), aljout 1^ miles south of the camp ground. 

Hombhtide, — A veiy few yellowish -brown and strongly pleochroic crystals of 
this mineral, mostl}^ in fragments, are to be seen in specimen No. 44, from near the 
camp ground, and specimen No. 45, from Cathedral Rock. The larger grains have 
the black resorption rims of magnetite so common in andesites. In the smaller indi- 
viduals the resorption is complete and only a black mass of granular magnetite 
remains (see PI. XVI, B). Also one small crystal is seen in No. 48, a rock transi- 
tional between andesite and dacit<». This mineral, which is verv common in the 
dacites of Crater Lake, is otherwise entirely wanting in the andesites. 

Olivhie occurs very sparingly as an occasional rounded grain or fmgment, 
more particularly among the nests of older crystallized minerals. In nearly all the 
andesites it is entirely wanting. It is most abundant in No. 49, where it is seen in 
well-rounded grains that have marked resorption rims of magnetite and, apparently, 
of augite. In No. 43 there are one or two forms which resemble olivine crystals 
and which are filled with a yellowish polarizing substance, presumably serpentine. 

Magnetite forms an always present but rather sjmringl}' developed ingredient 
among the minerals of the first generation and occurs frequently inclosed in 
plagioclase, hypersthene, and augite. In the groundmass it is perhaps more abundant, 
and then occurs as small octahedral crystals or as grains; also in the andesites with 
a brown, glassy })ase, as a very fine powder. It is likewise very abundant as inclosures 
in the augite microlites of the groundmass. 

Jlenuitltc appears to occur occasionally either as a reddish stain or as mimite 
brownish-red hexagonal scales (05). 

CLASSIFICATION OF ANDESITES. 

While the phenocrysts fluctuate greatly in abundance und relative importance, 
they do not serve as well as does the groundmass as a ready means for classifying 
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the widely different ap|)eariii^ varieties of the aiidesitie roeks. Certain striictiirai 
tyiJCH in the groundniaHs, on the other hand, recur with great frequency and are 
worthy of detailed des<'ription. The andesites of OmU^r Ijake, thei-efon\ may l)e 
divided into four main tyjjes, liased upon the chanicter of the groundnuts**, namely, 
hyalopilitic tvpe: hypocrystalline type, with two suhtyiK\s (a and b); holocrys- 
^ talline tyi^e; dacitic tyjie. 

Although each of these four tyjK\s is (piite distinctive, it is not to 1m» sup{)osed 
that all the examples cited in each case are ecpially so. Itather it ma}' l>e said that 
they all grade into e^ich other in such a way as to make th(» sejianition not always 

easv. Neither can the rocks of anv one lava stream or of one Iwalitv ))e said to be 

» ». •' 

limited to any one tyiK*. 

HYAl/JPILlTir TYPE OF AXDESITES. 

The following s]^)ecimens are included here: Nos. 1, :^, 3, 4, 5, 6, 7, 8, 9,10, 11. 
12, 18, 14, 15, 16, 17, 18, 19, 20, and 21. 

This variety of andesite has mainly a verj' dark-gray to black, dense ground- 
mass, and when it is not porous is apt to break in smooth, slightly lustrous surfaces. 
The si>ecimens that contain less glass, as well as the more iK)rous ones, have a much 
lighter color and rougher fracture. On account of the dark groundmass the 
plagioclase phenocrysts are usually prominent, and for the same reason the pyrox- 
enes are hardly noticealile. Most of the hyalopilitic andesites are characterized in 
thin sections by the presence of light to deep brown glass, which is usually very 
abundant and perfectly clear and unaltered (6, 9, 11, 18, 10, 17), or else this brown 
glass is more or less clouded b}' the presence of countless hosts of minute brown- 
to black-looking glo])ulites (brown in 8, 15, 19, 1, 5; black in 14, 21). In case these 
globulites are thicker than usual, the glass base between the microlites becomes 
lighter or even almost colorless, but still the effect of the globulites in such cases is 
to lend a ])rownish color to the whole. In a few cases a decided change of color in 
the glass is to l)e noted, in that blackish spots appear locally in a glass otherwise 
brownish (12, 20). These black spots have the globulites very thick and somewhat 
larger, while the inclosing glass Imse is colorless. It is more than likely that 
magnetite dust is developed in addition to the custonuuT globulites, which would 
explain the black color. These darker spots ar(» similar to the whole groundmass in 
some of the hypocrystalline andesites. 

This all-ix»rvading glass base invariably incloses myriads of perfectly sharp and 
straight augite microlites; also plagioclase feldspars in slender strips of microlitic 
size or in larger laths and in rectangular individuals. The size of the augite 
microlites may vary considenibly in the same thin section. Thus in No. 2, where 
thev are uncommonlv small, thev varv from o.(HH to n.(M)8 millimeter in width and 
from 0.01 to 0.08 millimeter in length. In geneml, the width may be said to 
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average about 0.005 inillinieter, with extremes of O.Ool and O.ol millimeter, and the 
length to avemge atout 0.02 millimeter, with extremes of o.ol and O.OJS millimeter. 
It will be seen that they are about live to ten times jis long as wide. These micro- 
lites are very commonly free from inelosures, but perhaps more frequently inclose 
minute magnetite grains, or octahedral crystals of the same. The plagioclase 
microlites and laths vary extremely in size and form. In the majority of cases their 
form is either distinctly microlitic or, at least, slender lath shaped and minute 
(5, 14). When very small, the customary twinning is not easily distinguishable, but 
in the larger and broader individuals polysynthetic twiiming is strongly in evidence. 
Interspersed with these slender plagioclases are others with short, rectangular fonns 
that sometimes show twinning and sometimes do not. In a few rocks these rectan- 
gular forms are very numerous, and partially or almost completely supplant the lath 
form (11, 19, 21). Still larger plagioclases of rectangular form connect these 
rectangular plagioclases of the groundmass with the phenoiTvsts, so that a sharp 
discrimination is not always possible. Fluidal arrangement of all these groundmass 
ingredients is more or less conspicuous in all thin sections. 

Intermediate stages between andesites of this type and the next are very 
common, and are mostly included in those listed under the following type. .In one 
specimen, however. No. 18, collected about one mile southwest of the base of Red 
Cone, we have what is common, namely, a transition to the holocrystalline type. 
In the thin section from this rock there appears to be very little glass, })ut the 
appeamnce of dust-like globulitic material between the abundant feldspai's of the 
groundmass indicates the presence of more glass than is at first app»rent. 

HYI'OCRYSTALLINK TYPE OF ANDE8ITE. 

This may fairly be said to be the noi*mal type of Crater I^ke andesites; at least, 
it is more abundanth' represented than any other. It may be divided into two 
subtypes, which, though united by numerous connecting links, are upon the whole 
readily distinguished. In the hand specimen, however, this distinction Ijetween the 
two subtypes can not be made. Neither can the two Ik? readily distinguished from 
the hyalopilitic type except in thin section. Taken as a whole, they are decidedly 
dark-colored rocks with a basjiltic look, but the darker varieties distinguish them- 
selves by the relative prominence of the plagioclase phenocrysfcs. Not a few are iis 
dark as the darkest of the hyalopilitic andesites, but they lack the glossy luster 
common to some of that type. The average color is naturally lighter than in the 
hyalopilitic type, as they are more decidedly crystalline. In fact, not a few included 
under both of the two subtypes have a gray or even a light gmy or drab color, 
break with rough fracture, and approach to the holocrystalline andesites. The 
pyroxenes, as usual, are inconspicuous and have a slightl}^ resinous luster with green 
to brown colors. 
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HYHK^RYKTALLINK AXDK8ITE, srHTYPK A. 

This variety includes the followin*^ six><*imeiis: Nos. 22, 23, 24, 25, 26, 27, 2S, 29 
30, 31, 32, 33. 

The groundinass of thes<» rwks, tis seen under the inieroseope, in very dense. 
It is crowded with microlitic ervstallizations similar to but more abundant than 
those in the hyaiopilitie groundmiiss. (rlass is probably always present, iniprej^na- 
ting the whole, but, with one or two exc^eptions (26, 28), it is not at all conspicuous. 
In the two exceptions, which are rocks connecting this typ<» with the preceding, the 
glass is readily recognizable and has a distinct lirown color; otherwise the glass Imse 
appeal's to be almost colorless. As stated above, in discussing the plagioclase 
phenocrysts, these rocks, with a small amount of colorless glass base, are ver^^ apt 
to contain clear brown glass inclosures in the plagioclase. The marked feuture of 
this subtype A, as distinguishing it from subtypes b, is the presence of innumerable 
minute plagioclase microlites with their customary fluidal arrangement. These 
microlitic plagioclases are mostly very minute, being often no larger than the augite 
microlites (26). The larger, squarish, or short- rectangular plagioclase crystals, with 
and without twinning stria*, that are to be seen commonly in the groundmass of the 
preceding type, are usually conspicuously absent. Hence the contrast between 
the plagioclases of the groundmass and of the phenociysts is very pronounced, as 
connecting types are a})sent. In one or two specimens the appearance of faintly 
developed allotriomorphic feldspar (27, 29) connects this type with the holocrystal- 
line andesites. 

In the finest-grained varieties the plagioclase microlites are hardly discernible 
in white light. In such rocks the groundmass presents a dirty-brown or grayish- 
})rown and minutely graimlar appearance, owing to the development of thickly 
crowded augite microlites, which are interspersed with minute grains and octa- 
hedral crystals of magnetite. The brown color is doubtless due in part to the 
glass base, and in part also to the presence of brownish globulites. Globulitic 
forms are, however, })v no means as common or abundant as in the hyalopilitic 
type. On the other hand, both magnetite and augite in microlitic fomi are much 
more abundant in this type of andesite. The augite microlites are, as a general 
thing, not as sharply crystallized, although they do not differ greatly in size fi*om 
the similar microlites in the hyalopilitic andesites. As the groundmass bei»omes 
more distinctly crystalline the size of these microlites tends to In^come larger and 
the form less sharp. 

A few crystals of apatite of a brownish color measuring o.l millimeter in length 
and 0.015 millimeter in width were noticed. They are faintly pleochroic, with the 
customary absoqHion E>0. 

Hypersthene in two generations — one in short, stout, and n^latively large crys- 
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tals, the other in slender prisms of much smaller size — are usually to be seen, but 
the distinction between the two is not as well defined as is the case mentioned 
in the hyalopilitic type. 

In all but one case (88) these andesites appear to be very fresh, the altera- 
tions being hardly more than iron stains. In the one case referred to, the ground- 
mass has undergone considerable alteration, which has attacked mainly the glass 
base and the augit« microlites. The decomposition products are carbonates and 
a nearly homogeneous greenish substance which, in polarized light, appe-ars to be 
formed of extremely minute scales that polarize light strongly. This green sub- 
stance appears to be delessite. 

The groundmass of subtype a corresponds closely to what Rosenbusch calls 
the piiotaxitic type of andesites, in that it may be described as a densely felted 
aggregate of plagioclase and augite microlites impregnated to a more or less 
extent with an inconspicuous glass base. 

HYPOCRY8TALLINE ANDESITE, SITBTYPE A. 

This variety of hypocrystalline andesites is represented by the following speci- 
mens: Nos. 84, 85, 80, 87, 88, 89, 40, 41, 42, 48, 44, 45, 46, 47, 48, 49, 50, 51, 52, 58, 54, 
55, 56, 57, and 58. It is a more abundant type, therefore, than is subtype a. As 
above stated, these andesites do not differ materially in the hand specimen from the 
subtype just described. Under the microscope the chief distinction lies in the com- 
parative suppression of the distinctly microlitic plagioclase and in the greater 
abundance of the larger and broader feldspars that are not always to be sharply dis- 
tinguished from the phenocrystic plagioclases. In this subtype the rock also is 
strongly inclined to develop allotriomorphic feldspar, and in this way, as well as in 
the development of more and more lath-shaped and broad rectangular-shaped feld- 
spars, to pass into the holocrystalline andesites. 

Those specimens that are transitional to subtype a (40, 48, 47, 49, 58, 54) have 
plagioclase laths very abundantly developed, but these are usually so much larger 
than the microlitic feldspars above described that they may hardly be designated as 
microlites. At the same time the augite microlites become larger and lose their 
sharp outline, and glass is hardl}' distinguishable. Other specimens, transitional to 
the holocrystalline andesites of the third type, show the development of a small 
amount of allotriomorphic plagioclase or quartz and contain a great amount of the 
rectangular feldspar forms (50, 52). It even happens that both these tendencies are 
manifest in the same rock (54), so that numerous small plagioclase laths in fiuidal 
arrangement occur with a rather vague paste of allotriomorphic material. 

The more nomial members of this type, although subject to considemble varia- 
tion in size and relative abundance of the component minerals, as well as in their 
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Htructural arrangement, may l)e Haid to contain nunieroun phencKTyntH of hypersthene 
and augite, and especially of plagioelase, embedded in a hypocTVstalline, or at most 
very finely cryHtallinc* groundmass of plagioclase, augit4\ and magnetite, with prob- 
ably a little hardly distinguishabh* colorless glass Imse. The glass base may be pre- 
sumed to l)e present on a<rcount of the presence of a little lirownish globulitie matter 
in the interstices lietween the feldspars. The augite of the groundmass rarely has as 
sharp forms, and is also rarely as small as in the two already described types. In a 
numlM*T of the thin sections studicnl it has a granular or roughly prismatic granular 
habit. The sharpness of outline seems to disappear almost regularly with the 
increasing size of the grain of the groundmass. The plagioclase of the groundmass 
is the most fluctuating ingredient both as to amount and as to size and habit. In 
some the slender hith-form, in others the short- rectangular habit predominates. The 
color of the groundmttss is in most cas'^s lighter than in subtype A, owing to the 
greater coarseness of grain and to the scarcity of glass. These andesites even more 
than tHose just described iK)ssess the strongly felted structure characteristic of the 
so-called pilotaxitic groundmass of Rosen busch. 

Mr. Diller has briefly described a hypersthene-andesite from the later lavas of 
Mount Shasta, in California," that is almost identical w^ith several of the Crater Lake 
andesiti'is included in su])typ<^ b. The resemblance extends both to the groundmass 
and to the phenocrysts of plagioclase, hypersthene, and augite. It would, in fact, 
1m» impossible to tell from the thin section alone from which of the two volcanic 
are4is this rock came. This andesite from Mount Shasta is No. 87 of the Educa- 
tional Series of Kock Specimens collected and distri})uted by the United States 
(f<M)logical Survey, and was collected at Horse Camp, near the timl)er line upon the 
westiM'n slope of the mountain. 

Another well-known hyp(»rsthene-andosite that resembles this type as far as the 
groundmass is concerned is the rock from Buffalo Peak, Park County, Colo., 
described bv Whitman Ch'oss.'' This rock is No. 86 of the above-mentioned series. 
It differs considerably from all the Crater Lake andesites, not only of this but 
of other typt^s, in th(» nuich greater abundance of the hypersthene and augite 
])hen<H».rystM. 

I!OIX)(^RYSTATXINK Ti'PK OF ANDESITE. 

The following specimens are placed under this type: Nos. 59, 60, 61, 62, 63, 
r>4, r»5, ()6, 67, ♦58, (»1>, 7o, 71, 72, 73, and 74. These are mostly light-gray i-otjks 
with comparatively rough fracture and with relatively inconspicuous plagioclase 
phenocrysts. A few specimens of darker color are not thoroughly characteristic 
of the type. 

•• Bull. r. S. <irol. Survey No. ir.0, 18VW, p. l»27. /'Idem, \k 224. 
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Under the microscope th(\se iindesites do not differ very materially in appear- 
ance from those of the hypocry still line type, when viewed in white light, except 
that they are much lighter in color and are (Mitirely free* from global itic matter. 
Between crossed nicols, however, th(?re is a markc»d diffei-ence between these ande- 
sites and all the preceding types. This difference is to be seen in the groundmass. 
The colorless constituents are of two distinct kinds, first, plagioclase laths not 
markedlv different from the similar laths in the other andesites; and, second, a sort 
of residual product of crystiillization occurring in irn»gular, allotriomorphic patches 
that have a poikilitic appeanince, owing to crowd(Kl inclusions of the other ground- 
mass ingredients. These patches vary <*onsiderably in size and in conspicuousness, 
but in general are from 0.2 to 0.5 millimeter in diameter. They do not show poly- 
synthetic twinning, but very often possess a more or less undulous extinction. 
They are (juite distinct from the plagioclase laths which lie em}>edded in them and 
appear to play the role of a glass bas(». The individual patches show usually 
simultaneous extinctions and are bounded only by meeting other similar patches. 

This allotriomorphic mat<n'ial is in some cases undoubtedly (juartz; in others 
it is probably feldspar. It was proved to be quartz in Nos. 63, OH, 71, and 73 b}- 
it^ slightly higher refractive power as compared with adjacent feldspar and by its 
giving a positive, uniaxial image in convergent polarised light. It is considered 
to be sometimes feldspar for the following reasons: First, failure to show uniaxial 
images; second, occasional undulous extinction; third, some of the plagioclase 
laths have allotriomorphic extensions that extinguish with the outer part of the 
lath and rasemble these patches (03, 04); fourth, in a few of these andesites 
the lath-shaped plagioclase is nearly missing, so that the groundmass is almost 
entirely comix)sed of these patches, except for th(? inclosed augite microlites and 
magnetite grains. If in this last case all this material were quartz, it would give a 
rock far too acidic in composition to be class(»d as an andesite, whereas the close 
association and resemblance between all of these rocks make it impossible to 
separate any one of them from this family. 

The more characteristic of these holocrvstalline andesites have a great abun- 
dance of well-delined plagioclase laths with fluidal ari-angement, as well as innumer- 
able augite microliters and octahednil crystals and grains of magnetite^ embedded in 
a base of these allotriomorphic patches of feldspar and of (juartz (00, 01, 00, 71, 
74). The augite microlites are, as a rule, somewhat larger and not (juite so sharply 
developed as is the case in the other andesites. The phenocrysts of plagioclase, 
hypersthene, and augite differ in no esstMitial respect from th(» descriptions given 
for all the Ci*ater Lake andesites. Fig. Tof Pi. XVI (p. 98) gives a fair idea of the 
allotriomorphic patches that characterize these holocrystalline andesites. 

The presence of cjuartz in the* groundmass of these rocks suggests a nmch more 
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acid rock than the chemical analyses of Crater Lake andesites given elsewhere in 
these pages allow. As the only analysis made of this holocry stall ine type is of No. 
68, which is not thoroughly representative, inasmuch as the allotriomorphic patches 
are not very well developed, it will be of interest to compare these rocks with a 
similar rock collected by Mr. Diller and alluded to by Mr. H. W. Turner in his 
article on the Age and Succession of the Igneous Rocks of the Sierra Nevada.^ The 
rock in question was taken from Crater Peak, California (I^assen Peak quadrangle), 
and is No. 1829 of the Cascade Range collection. Mr. Turner does not describe the 
ro(^k, but he refers to it as a pyroxene-andesite, and gives the chemical analysis made 
by W. F. Hillebrand/' This analysis will be found repeated on page 94 of this 
paper. Through the kindness of Mr. Diller the writer was enabled to study a 
thin section of this Crater Peak andesite and to compare it with the thin sections 
of the rocks here under discussion. Without any noticeable diflPerence it appears to 
be identical with the Crater I^ke holocrystalline type of andesite. This is true not 
only of the groundmass, with its allotriomorphic patches inclosing plagioclase laths 
and augite microlites, etc., but also of the phenocrysti^. It will be seen, in compar- 
ing the analysis with the analyses of other andesites from Crater I^ake, that this 
contains between ♦> and 10 per cent more silica. It is, in fact, closely analogous to 
the djicites, such as, for instance, those from Lassen Peak, analyzed by T. M. 
Chatard and W. F. Hillebrand.'' It is highly probable, therefore, that these ande- 
sites are, in part at least, dacites, although no well-detined quartz is to be seen in 
them. 

No. 198 probably belongs with the holocrystalline andesites, but owing to 
extensive alteration its characteristics are not readily made out. The groundmass 
consists of much homogeneous-looking chloritic matter, with rather faint lath-shaped 
plagioclase and not a little allotriomorphic, colorless material that is probably 
feldspar. The magnetite has been altered to leucoxene and the pyroxenes of both 
the phenocrysts and of the groundmass to chlorite. The phenocrystic plagioclases 
are partially altered to carbonates and probably to kaolin. A good deal of quartz 
is to bo seen in distinct grains, two or three of which are quite large, while the 
rest occur in bun<*he.s of allotriomorphic grains. As this is the only andesite 
from Cmter Lake that shows well-detined quartz, this mineral is in this case 
probably secondary in origin. 

These holocrystalline andesites, as is the case with the other types, are widely 
distributed over the Crater Lake area. There may be some significance in the fact 
that six out of a tottd of fifteen are situated at the water's edge; that is, a large 
proportion of them belong to the oldest lava flows exposed. No. 63, which comes 
from the basaltic cone called Crater Peak, south of the lake, is taken from an 
ejected fnigment, and was doulitless torn loose from a deep-lying rock below. 

«ij<»ur. (h-ol., Vol. Ill, 18%, p. 410. bLiem, p. 4u7. . Bull. r. S. Ceol. Survey No. 160, 1898, p. 218. 



ANDKSITE8. 91 

DACITIC TYPE OF ANDEftlTE. 

This fourth type of andcsite is intermediate between the andesite^ and dacites, 
but seems to possess characteristics that ally the rocks here included more closely 
with the andesites than with the dacites. It is possible that a chemical analysis 
would place one or two of them in the list of dacites. 

Of the six specimens placed in this group, three (75, 76, 77) have the dacitic 
features particularly prominent. The groundmass in these three consists very largely 
of a nearly colorless glass in which lie myriads of the extremely minute rod-like 
augite microlites characteristic of the glassy dacites (77). In two (75, 76) the 
groundmass consists of somewhat larger microlites of the same mineral inclosing 
minute black specks of magnetite, or possibly of globulites, suggestive rather of the 
andesites. In addition to these augite microlites very slender feldspar microlites, as 
well as a few other larger and broader plagioclase crystals, are sparingly developed. 
The glass base is rendered dark looking, especially in No. 76, by globulitic inclusions 
and by the presence of a very tittle magnetite. In Nos. 76 and 77 occur deep 
rusty-brown and somewhat granulated spots that tend to f6rm around the pores 
and also to some extent around the plagioclase phenocrysts. The pores are apt 
to contain a little tridymite, partially or entirely filling them. These darker, iron- 
rusted spots bear a slight resemblance to the spherulitic growths in the dacites, 
but do not appear to possess radiated structure. 

The three other specimens (78, 79, 80) are similar, so far as the augite 
microlites are concerned; but they contain little or no glass base, instead of which 
there is to be seen much more abundant plagioclase laths, as well as squarish or 
short rectangular feldspars with undulous extinction, or, rather, with zonal struc- 
ture but no twinning; likewise small irregular or allotriomorphic colorless shreds of 
feldspar or, perhaps, of quartz. 

The phenocrysts in these six rocks are not essentially different from those in 
other andesites (brown glass inclosures, abundant in plagioclase of 75). Hyper- 
sthene in two generations — the older in short, stout, and relatively large crystals, 
the younger in small, long, and slender prisms — is clearly developed in No. 78. 

The last three rocks, without perceptible glass, are very light colored in the 
hand specimens while the glassy varieties are much darker. 

UNCERTAIN TYPES. 

With the exception of those of Wizard Island, the andesite lavas of Crater 
Lake do not appear to be distributed in accordance with the types herein described, 
but the various types occur over all the area, among both the older and the 
younger andesite flows. In the case of Wizard Island a partial exception may be 
noted in that the more thoroughly crystalline types are almost wanting. The 
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andesitos of Wizard Inland are unusually blaok and basaltic-looking, and contain 
much hrowii glass. Occasionally thoy arc sUiincd a deep brownish red by iron 
oxide (87, 8I*)- Some of the more glass\' black portions s(»em to have cracked in 
the i)r(KH\ss of cooling, the cracked surfaces being left with a decided gloss. This 
was imrticularly noted on a spiH'imen collected ])V the writer from a large block 
in the crater on the siunmit of the island. 

Of the* thirteen rocks from Wizard Island studied in thin section, five are of 
the hyalopilitic type; six of the hypocrystalline type, subtype a; two of the same 
type, subtype b; while only one, and this a somewhat doubtful one, is of the 
holocrystiilline type. 

Among the andesites collected by Mr. J. S. Diller on Wizard Island are ten, 
Nos. 81 to i^o, inclusive, the exact location of w^hich is not given. Of these No. 83 
has no corresponding thin section. The others do not vary greatly from the other 
specimens from this island enumerated above. Nos. 82, 8t>, and 88 are placed in 
the hypocrystalline type, subtype a; or possibly 82 might equally well be put in 
the hyalopilitic tyi)e. No. 84 is a hyalopilitic andesite. Nos. S8, 89, and 90 are so 
strongly impregnated with red hematite iK)wder as not to l)e easily classified. They 
are probably of the hy}K)crvstalline tyi)e, subtype a. No. 85 is a holocrystalline 
andesite with Iwisaltic appearance. It contains small augite i)risms, too large to be 
called microlites, and also considerable allotriomorphic feldspar in the groundmass, 
but no poikilitic patches such as occur in most of the holocrystalline andesites. 

At the head of Steel Bay, just to the east of Llao Rock, 0(*curs an andesitic roc*k 
close to the dike from which No. 90 (page 93) was collected. This andesite is repre- 
sented by No. 91. and is a nearly holocrystalline rock with very abundant phenocTysts 
and with a groundmass that resembles that of scmie of the basalts, notably Nas. 176 
and 177 of th(» porphyritic interstitial })asalts. The main feiitures that distinguish this 
rock from the Iwisalts are the absence of olivine and the very marked porphyritic 
development. This andesite does not closely resemble any other andesite from 
Cmt(n* Lake, at least not close enough to justify putting it in any of the above- 
described tyi>4»s. It more closely resembh»s the basalts than any other rock collected 
on or within the crater rim. 

ANDESITE DIKES. 

With the exception of two dikes under Llao Rock all the dikes that cut the 
walls surrounding the lake bt^long, as far as may be judged from the specimeiu« 
(•ollected, to the andesites. 

Two spcM'inu'us w4M-e collected from the rath<»r large dike that runs diagonally 
down from The Watchman to near the lake level. These two specimens (92 and 
JK{) uMiy b(» classed with the* hy])ocrvstalline andesites, subtype b. The pheno- 
(•rysts do not prescMit any s])ccially distinctive features, but the groundmass of the 
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two specimens shows two extremes. No. 1)2 is relativeh^ coarse grained and presents 
a transition to the holocrystalline type, in which, however, the allotriomorpliic patches 
arc suppressed. It is further characterized by the presence of unusually abundant 
plagioclase laths of a very uniform and fairly large size. No. 1*3, on the other hand, 
may be considered as transitional to subtype a. in that the phigioclase laths sink to 
minute size. But this groundmass also contains a grcjit many scjuarish or short 
rectangular feldspars that suggest an affinity with the dacites. 

From the upper part of the dike that lies between Glacier Peak and The Watch- 
man No. 94 was collected. In the hand specimen this ])resents a strikingly uniform 
appearance. It has a rather light-gray color, is very porous, and at a casual glance 
appears to be free from phenocrysts. On the contmry, phenocry^ts are very abun- 
dant, as in thin section they appear to form about one-half of the entire mass. This 
is, in fact, a thoroughly characteristic andesite and is very strongly porphyritic, with 
great contrast between the phenocrysts and the groundmass. Plagioclase, hyper- 
sthene, and augite are all abundant. The pyroxenes occur both in sharp crystals and 
in nests of granular individuals. The feldspar occurs in two distinct types; in the 
larger many-faced forms having the customary ghiss inclusions, and in the smaller 
rectangular forms. From the character of the groundmass this may be considered 
a typical illustration of the hypocrystalline type, subtype a, characterized by the 
abundance of minute plagioclase microlites. 

The analysis of this rock is given on page lU. It indicates that this is 
thoroughly representative of the CraUn* Lake andesites. 

Under the north end of Llao Rock occurs a dike of which No. 95 is a sample. 
It very closely resembles the rock just described. Under the microscope it appears 
that the phenocr>^sts are not quite so abundant and not so uniform in size. The 
groundmass contains considerable allotriomoi-phic feldspar, w^hich to a certain 
extent hides the microlitic plagiodases. It belongs, with the above-described rock, 
to subtype a of the hypocrystalline andesites. 

At the head of Steel Bay, a little to the east of Llao Rock, occurs a dike 
from which No. \H] was collected, which shows under th(» mi<roscope a very pretty 
development of the hyalopilitic structure. Very abundant phenocrysts of the 
customary characters lie embedded in a groundmass consisting of a deep-brown 
glass that app(*ars to impregnate a loosely felted aggregate of slender augite and 
plagioclase microlites. The glass base is free, or nearly free, from globulitic 
matter, but conUiins, in addition to the above-mentioned microlites, octahedral 
crystals and grains of magnt^tite. 

On the east side of the* lake are to be seen two dikes near Sentinel Rock. One 
of these (83) occurs exactly Inflow Sentinel Rock and the other (21) about a third 
of a mile to th<* northeast. Both of these rocks hav(* already been referred to 
in connection with the description of the andesites. No. 33 belongs to the subtype a 
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of the hypocrystalline andesites and No. 21 to the hyalopilitic type. As these 
typc8 have been fully descril>ed al)ove, a repetition here is hardly necessary. 

In <*x)ncluding the description of the andesites in dike form, we may note that 
many of the various types found in the andesite flows are repeated in the dikes^ while 
no markedly different types have been met with in the dike andesites. 



CHEMICAL ANALYSES OP ANDESITES. 

The analyses given in the following table are all of Crater Lake rocks, with the 
exception of the last, which is from Crater Peak, California, and is given for com- 
parison. The analyses were made by the chemists of the United States Geological 
Survey. The numbers at the heads of the columns are the specimen numbers. 

AncdyHcs of Crater Lake andesites, 
[Analyses by H. N. Stokes, except of 1H29.J 



SiO, . 
Al,(), 
Fe/), 
FeO . 
MkO. 
(W) . 
Na,0 



X,() 



TiO,.. 
Zrt),.. 
CO.,... 



P.O 



r'a 



SO3 



F 



S.... 
(■r,()s 
NiO . 
MnO. 
Ba( ) . 



SH) 



LM) 



T«iIh1 



25. 
59. 39 


26. 
60.98 


31. 

58. 48 


68. 
62.09 


94. 
60.09 


1829. 


68.12 


18. 45 


17.82 


17.85 


17.03 


17.85 


16.24 


1.79 


1.83 


2.67 


2.:i8 


2.a3 


1.26 


3.90 


3. 33 


3.29 


2.69 


3.45 


2.08 


3. 13 


2.67 


3.61 


3.08 


3.50 


1.35 


6.29 


5. 73 


6.81 


5.65 


6.28 


3.80 


4.2^) 


4.26 


3.77 


4.10 


4.17 


3.89 


1.29 


1.43 


1.23 


1.67 


1.31 


2.54 


.10 


.13 


.34 


.04 


.12 


.40 


.42 
.41 


.45 
.71 


.86 
.69 


.13 
.65 


.2<> 
.54 




.25 


None. 


None. 


None. 


None. 


None. 




None. 


None. 


None. 


None. 


None. 




.22 


.17 


.24 


.19 


.23 


.14 


None. 


None. 


None. 


None. 


None. 




Trace. 


Trace. 


Trace. 


Trace. 


Trace. 




Undet. 
None. 


ITndet. 
None. 


Undet. 
None. 


Undet. 
None. 


Undet. 
N one. 






None. 


None. 


None. 


None. 


None. 


None 


None. 


None. 


None. 


None. 


.05 




Trace. 


Trace. 


Trace. 


Trace. 


Trace. 


.10 


.a5 


.06 


.a5 


.07 


.05 


.09 


.04 


.a5 


.05 


.07 


.05 


.02 


Tra<e. 


None. 

^m.7i 


Faint tr. 


None. 


Faint tr. 


Trace. 


W. 77 


99.87 


99.84 


99.98 


100.28 
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No. 25. Hyperethene-andesite, hypixirystalline type, subtype a, west edge of Wizard Island. 
See page 86. 

No. 26. Hypersthene-andesite, hypocrystalline type, subtype a, rim, just south of The Watch- 
man. See page 86. 

No. 31. Hypersthene-andesite, hypocrystaliine type, subtype a, at the lake level under Llao 
Rock. See jxage 86. 

No. 68. Hypersthene-andesite, holocrystalline type, Palisades, under Round Top on the north- 
east portion of the rim. See page 88. 

No. 94. Hypersthene-andesite, hypocrystalline type, subtype a, from a large dike entirely trans- 
secting the rim between Glacier Peak and Llao Rock. See page 86. 

No. 1829. Of the Cascade Range collection, a rock called by Mr. Turner a pyroxene-andesite, 
holocrystalline type. From Crater Peak, California. Analysis by W. F. Hillebrand, taken from 
Bull. U. S. Geol. Survey No. 60, p. 157, No. 19. See page 90. 

It is a little surprising and also unfortunate that out of five specimens of audesite 
selected by Mr. Diller for chemical analysis four should turn out to belong to one 
type, and this not the most common one. It is surprising, because these specimens 
were selected with a view to representing typical occurrences. As the selection was 
made before an opportunity was given for microscopic study, it was impossible to 
distinguish the different types from the hand specimen alone. 

SECRETIONS IN ANDESITES. 

In a number of the andesite rocks at different localities are found inclosures or 
nodules that appear to be secretions of the more basic minerals. Sometimes these 
inclosures have more or less roundish form and are evidently inclosed in the sense 
that they are not literally formed in place. This is particularly evident in a speci- 
men (97) collected in 1883 from the southern rim of the crater. The rock itself, of 
which no thin section has been made, has a nearly black groundmass — which is 
probably hyalopilitic — inclosing numerous and very conspicuous plagioclase pheno- 
crysts. Embedded in this rock is a roundish mass 2 or 3 inches in diameter from 
which the andesite appears to have shrunk away in cooling as though from a 
foreign inclosure. The inclosure is blackish gray, compact, without phenocrysts, 
and slightly porous. It has a very basaltic look. 

In thin section this specimen is fairly characteristic of most of the inclosures. 
It consists of a deep clear-brown glass in which lie in loosely felted armngement 
slender and very sharply defined laths of plagioclase and equally slender but not 
always so sharply cut prisms of hypersthene and augite; also a little magnetite in the 
customary octahedral form. Hypersthene is more abundant than augite, but both 
are much more abundant than is usual in the andesites. The two pyroxenes 
appear to form about as large a percentage of the rock as does the plagioclase. 
Parallelism of growth between the augite and hypersthene is common. The length 
of these pj^roxenes is often ten times as much as the width. The plagioclase is 
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mther simply twinned with hut two or three })andsand shows large extinction angles. 
They have scjuare cross section with diagonal extinction. Phenwrysts arc entirely 
wanting. 

Fig. ul of PI. XVI presents a photogniph of this thin section in ix)larizetl light 
and Fig. 7> of PI. XVI a photogniph of thin section of No. 1> in white light, showing 
both the secretion and the inclosing hyalopilitic andesite. 

Analogous to the al)Ove are No. 1^ from the path that leads from the camp 
ground down to the water's edge: No. IH. from Kerr Notch, at the head of Sand 
Creek; and No. 75 from near the road on Anna Creek. These three sj^ecimens con- 
sist of small inclusions in rather glassy jindesites, the first two of the hyalopilitic 
and the last of the dacitic type. The inclusions form only a small pail of the thin 
section in each case. They do not, however, appear to be foreign to the rock. 
On the contrary, the junction of the secretion w ith the surrounding andesite is such 
as apparently to preclude the idea of an entirc^ly separate origin. The clear glass of 
the secretion is exactly of the same* color as that of the main rock and the junction is 
not sharp, Imt the ingredients seem to have grown from the secretion out into the 
surrounding rock mass. The first two contain phenocrysts of plagioclase, and to a 
less extent of hypersthene similar to the corresponding phenocrysts in the inclosing 
andesite. In some cases one of these plagioclase phenocrysts appears to belong 
about equally to the secretion and to the main mass. In No. If) the inclusion greatly 
resembles an enlarged area like those one f reiiuently meets with in the more glassy 
andesites of Crater Lake, where a deep and clear brown glass, free from the custom- 
ary microlites, occurs, filling the space between two or three adjacent phenocrysts. 

No. 98 is one of these inclusions from a large bowlder between Sun Creek and 
Sand Creek. The rock in which this is inclosed (70) belongs to the dacitic type of 
andesite, and has already been described. This inclusion contains large, character- 
istic plagioclase phenocrysts that are crowded with the usual inclusions, and that 
present clear margins; it contains also phenocrysts of hypersthene. The glass is 
stained a very deep red with f(Mritic matter. 

Nos. W and loo arc* secretions in the a})ove-desci-ibed hyi)ocrystalline andesit<e (40) 
found at the spring near the camp groimd. They both resemble No. 97 in being 
entirely without phenocrysts and in having the same felted structure and the simie 
composition as that rock, but they differ materially in that crystiillization appears to 
have progressed until })Ut little glass remains, and this little is nearly colorless and 
not readily discernible. In fact, these two inclusions were at first taken for basalt 
inclosed in the andesite, and were it not for muuerous intermediate stages between 
these and the more (evident secn^tions the determination as basalt might hold. 
Other cases of secretions resembling basalts are mentioned in connection WMth the 
description of the dacites of Crater Lake. 



PLATE XVI 



9255— No. 3—02 7 «7 



PLATE XVT. 

THIX SKtmONS OF ANDKSITK. 

Tin. A. — S<'<T(»tion in uiKlesite from the Houtherii rim of the crater. MagnifitMl 4R diainetere. 
S|KHUimMi No. 97. A ])hotomi('rc)graph in i»olariz<»<l lijrht with orf)SHiHl nieoln. The secretion <*on- 
sintH of a <UH?i>-])ro\vn ^la«H in which He well-<lefine<l laths of pla(ri<M>]a>>e and equally slender prinns 
of hyiK^rnthene and aiigite; alno a little majinetite. The ])yn)xenet!i can not well be diHtinf^ivhed 
from the plajjioclaw in the photomicrograph. See i)ajre 1M>. 

Fici. H. — i*n<le8iteof th .' liyfKicrystalline tyix.*, fr<»m (*ath(Klral JUmk. Magnifie<l 20 diameten*. 
Speci nen No. 45. A photomicrograph in white light. The raggi*<l hlaok eryntal in a hrown hom- 
hlende almost com J )letely altere<l through rcvorpticm to a l>la<*k aggregate of magnetite and augite. 
The section al.*w) shown two generations (►f plagi< K'lase. The large phemjcryst on the right represents 
the oldest generation with glass inclusions. For des<'ription see jwige 83. 

Fi(t. C. — Andesite from the water's e<lge at the h(»ad of Sun CrtHjk. Magnified 48 diameten*. 
S|H?cinien No. 73. A photomicrograph in |>olarized light with crosHe<l nicols. IlluHtrates the third or 
lioliKTystHlline tyin* <»f andesite and is characteriziMl hy the presentv of allotrioniorphic patches of 
feldsi)ar, which api»ear as light si)ots in the j»hotomicrograph. See i>age 89. 

Fi(i. I). — Andesite from the path lemling from the camp ground to the water at Eagle Cove. 
Magnitie<l 48 diameters. Sjx'cimen N<». 9. Shows the jun(*tion Initween a hyalopilitic andesite on the 
right and a stn'retion in the sjime on the left. The s4»crction consists of a <U»ep-brown glaM« and slender 
laths of plagi(M*las<' and prisms of hypersthene and augitc; also a little magnetite. See page 96. 
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III No. 25, a hypocrystiilliiic andt'site from Wizard Island, is to be neeii an 
indosure that may with more probability be taken for basalt. This consists of small, 
irregular, and aj)parently isolated grains of augitc, or possibly of hyperstliene— the 
distinction is not certiiin in this case — that (extinguish simultaneously over consider- 
able areas. The spaces between these gmins are lilled with short and not very sharp 
plagioclase laths. 

A rock collected bv the writer from the l)ottom of the crater on Wizard Island 
(2017, 4 of the private collection of the writer) seems to throw some light on these 
secretions. In the hand specimen it consists of a rather compact and nonporous gray 
andesite, with irregular, lighter gray patches scattered promiscuously through it. In 
thin section these lighter patches are seen to be holocrystalline, w^th a groundmass 
composed of plagioclase, augite, and magnetite. The plagiochise is largely in the 
form of short laths, but between these laths the same mineral appears in allotriomor- 
phic form, but not in poikilitic pat(*hes. The darker portions of the rock do not 
appear to differ from the lighter part, excejit that the allotriomorphic feldspathic part 
of the groundmass is replaced 1)V a deep clear-brown glass. That seveml such alter- 
nations in the groundmass may occur within the area of a thin section makes it more 
likely that the apparent inclosures, in which brown glass is so very conspicuous, are 
only local differentiations in a conmion magma. 

IIVPKUSTHEXE-DACITES. 

In all th(^ descriptions of the rocks of Cmti^r I^ake heretofore published the rocks 
which an*, here designated as dacites have been called rhyolites. This is not to be 
wondered at, as these rocks present all the outward (characteristics of rhyolites, and 
even a microscopic examination does not at first give strong ground for the change 
of name. Previous descriptions have been based largely upon field observations. 
But, in spite of the fact that comparison may frequently be made and is made in this 
paper between these dacites and rhyolites of well-know^n occurrence, a careful study 
of the mineralogical characteristics, supported ])v the chemical analyses, has led the 
writer to the conviction that the change of name is justified. As w ill appear later, 
the determination of thes(^ rocks' as dacites is further strengthened by resemblance 
to other dacites in the adjacent regions of northern California. 

As will be seen to be the case with the basalts, th(» dacites of Cniter lijike are 
somew^iat local in their distribution. As thev are chietiv confined to distinctive lava 
flows that, with one exception, represent the latest eruptions to be seen on the 
rim, and whose outlines can hi? definitely traced, it is possible and desirable to treat 
each of the dacitc Hows sepai*at(»ly. Beginning with the most conspicuous flow, that 
of Llao Rock, and passing around the lake toward the east, the dacite flows will be 
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described under the following heads: Llao Rock, Grouse Hill, Cleetwood Cove, 
Wineglass, Cloud Cap, Sun Creek. Outside of these six areas, as well as within the 
same,- there occurs abundant dacitic material, in the form of bombs and tufaceous 
matter, that will also receive separate consideration. 

As is usually the case with dacites, the groundmass of these rocks presents a 
most remarkable variety of structures, and upon the variations in the groundmass 
most of the distinctions are to be Imsed. To a certain extent this is true of the 
phenocrysts, at least as far as their relative abundance is concerned. Upon the 
whole, however, the Crater Lake dacites, irrespective of the extreme variations in 
the groundmass, are charac^terized by the presence of well-defined phenocrysts. 
These minerals are labradorite, hypersthene, and brown hornblende, all of which 
are usually present, also augite and olivine, which may occasionally be seen. 

MINERAL COMPOKENTS. 
FELDSPAR. 

While phenocrysts of feldspar are fairly abundant in all these dacites, and in 
some s|)eciniens very numerous indeed, in no case could orthoclase be detected. 
Not only is it true that the feldspars turn out to be plagioclase, but plagioclase of a 
decided basic variety, usually labradorite. In form they do not appear to differ 
materially from the similar phenocrysts in the andesites. There are to be seen com- 
paratively large, stout crystals with the basal pinacoid and bi*achypinacoid, the two 
half prisms, and an additional dome or pyramid; also crystals that are more nearly 
rectangular in cross section and usually smaller in size. The stout crystals with more 
ela}x)rate forms are probably older than the others, at le»st they appear to have 
greater extinction angles and to belong to a more basic plagioclase. These crystals 
are usually not numerous enough in any one thin section to allow the accurate 
determination of the maximum extinction angles; the extinction angles given below, 
therefore, although they are the maximum observed, probably do not indicate feld- 
spars as basic as those actually present. Sections cut peipendicular to the twinning 
plane, and therefore showing symmetrical extinctions, gave the following maximum 
extinction angles, viz: 30^ in No. 101, 31^ in No. 104, 30^ in No. 197, and 33^ in No. 103. 
All four of these specimens came from the dacite of Llao Rock. No. 101 is a vitro- 
phyric dacite from the southern edge of the flow, and is almost identical with No. 102, 
of which a chemical analysis will be found on page 140. No. 104 is a spherulitic 
variet}" of a vitrophyric type, and Nos. 197 and 103 are approximately holocrystal- 
line types. These measurements indicate a plagioclase at least as basic as labradorite, 
and probably more so. The above extinctions rc^present, however, not the whole 
irvstiil, but the inner part. The outer shell often gives much smaller angles. For 
instsuH'c, in No. JOI tin* margin j^ives an extinction angle of 24^, which is six degrees 
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les8 than at the center, but even this is not too small an extinction for labradorite. 
The measurements given for the plagioclase phenocrysts of the Llao Rock flow do 
not differ materially from the observed extinction angles in the other dacite masses. 

Zonal structure is very strongly developed in these larger plagioclase pheno- 
crysts, and is particularly conspicuous in sections cut approximately parallel to 
the brachypinacoid. In such sections the zonal banding, as seen in polarized 
light, indicates that the crystals in the earlier stages of growth had simpler 
forms. For instance, in a section parallel to the brachypinacoid, showing exter- 
nally traces of the basal pinacoid, prism, and two domes, the centml core shows 
only the basal pinacoid and one of the domes almost at right angles to the first- 
named form. In such sections the zones of different extinctions usually shade 
gradually into each other, so that from the center outward the extinction angle 
becomes less and less oblique to the trace of the basal pinacoid. Almost always, 
however, there are to be seen one or more quite sharply defined shells with rather 
abrupt difference in extinction. Furthermore, this abruptness of change from one 
shell to the next is not infrequently accentuated by the fact that the extinctions 
do not change regularly from the center outward, but oscillate more or less. In 
other words, the plagioclase consists of concentric shells that alternate between 
less acid and more acid feldspars. As far as observed, the actual center is nearly 
always the most basic portion of the feldspar, but the shell immediately sur- 
rounding this center may be more acid than the next succeeding one. The alterna- 
tion of more and less acid shells is not usually sharp enough to admit of positive 
measurement. In the two following cases the measurements were sharp enough 
to justify recording. 

In No. 102 occurs a section of plagioclase that is cut approximately parallel 
to the brachypinacoid and that shows the alternation of zonal shells very clearly. 
This may be seen illustrated in fig. i^of PI. XIV (p. 76). The three most conspicu- 
ous zones are marked 1, 2, and 8, from the center outward. The crystal forms 
that could be identified by means of the cleavage cracks are the basal pinacoid 
(001) and the prism (110). Two other plagioclase crystals are grown into this one — 
one almost at right angles, to be seen on the left side of the figure; the other, in 
the upper left corner of the figure, appears almost to continue the outlines of 
the main crystal. These two crystals do not appear to be in twinning relation- 
ship to the other. The extinction angles, as measured to the trace of basal pina- 
coid, as well as the corresponding percentage of the anorthite molecule, are given 
below for the three zones: 

1 = —12° = 43 jHT (!ent An = basic andesine. 

2 = —21° = 53 per cent An = labradorite. 

3 = — 5° = 30 per cent An = basic oligoclase 
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Tho percentagoH of An are ^iven as lorreNpi^ndin^ to extinction angles meas- 
ured on a section exactly parallel to the }>rachypinacoid. That this is not quite 
true of this section is proved by the fact that the angle of equal illumination for 
the thre<» zones is + :iJ^ ' instead of the required angle of + 34^. As these extinc- 
tion angles do not indicate quite as Imsic a plagiodase as do the extinction angles 
on synnnetrical sections, it is prolm})le that a section cut exactly parallel to the 
brachypinacoid would give still larger (extinction angles than are here indicated. 
But, at least, these nieasuremeuts suffice t^) prove that in this c»ase the inner por- 
tion of the iTvstnl is not as Imsii- as is the intermediate zone. 

In No. 101 wjis seen another section of plagioclase, cut similarly to this one, 
and also showing similar extinctions. Like the example given above, 1 is the 

center and 4 th<» margin. 

1 = -22° = labnKlorit^. 

2 = —14° = ])aHUt andewine. 

3 = — 1H° = baHic andepine. 

4 = — 5° = Imsic oliprjclaw. 

A comparison of the n^fractive powers of the plagioclase phenocrysts in the 
rocks (containing these two crystals shows that they have higher refractive power 
than has the adjacent ('anada balsam, i. e., higher than 1.540. This would indi- 
cate* that they are more liasic than oligoclase, i'von at the edge of the crystal. 

The plagio(^lttse phenocrysts niv frequently })rok(»n and the fragments scattered 
through the glassy grounchnass. I'hey also show frequent corrosion, but, unlike 
the andesitic plagicK*lases, they do not often contain almndant glass inclusions; at 
least, the crowding with glass inclusions and thtMr distribution in an intermediate 
zone is not chanicteristic. An exception must be taken to this statement, however, 
in favor of the dark-colored secri^tions that receive special treatment further on 
in these pages. Inclusions of slender apatite needles are common; also zircon 
crystals in short colorless or slightly ])rovvnish prisms may be seen, but very 
sj^aringly. 

The plagioclase* that belongs mori* particularly to the groundmass seems to 
be oligoclase, on account of the very small extinction angles. A more detailed 
description of the groundmass feldspars will b(» found in connection with the 
description of the different dacite Hows. 

Orthoda^e and quartz are also entirely confined to the groundmass and will be 
discussed later. Trldynnie is not common. It occurs in the customary clusters, 
apparently filling small cavities (121); also to some extent in the fluidally arranged 
lithoidal dacites. 

HORNBLKNDE. 

This is a very characteristic ingredient of the Crater Lake dacites. While it is 
almost entirely wanting in the andesites, it is conspicuously present, although in 
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only occasional crystals, in the dacites, or, at least, in most of them. Out of twenty- 
eight thin sections prepared from dilferent rock specimens, hornblende could be 
foimd in all but live. True, it is to be seen in a few of the thin sections in very 
small crystals, and in none of the rocks does it assume a prominent role as far as 
quantity is concerned, but it is always very easily recognized by its peculiar color 
and characteristic pleochroism. It occurs always in long slender prisms, several to 
many times as long as thick. The prism invariably, and sometimes also to a slight 
extent the clinopinacoid, is strongly and sharply developed. Terminal faces are 
often wanting, and when present appear to b(» the usual flat basal or pyramidal 
faces. They are freciuently minute and are rarely over 1.5 millimeters in length. 
These hornblendes may all Ixi classified as belonging to the brown variety, although 
there is really a great i*ange in color. They may be further divided into, first, 
brownish-green; and second, brownish-red varieties. 

The first, or brownish-green hornblende, is much more common than is the 
second varietv. It mav be studied in Nos. 102, 117, and 118. Pleochroism is verv 
strong. C = dark olive green with usually a trace of brown, b = dark greenish 
brown, a = lemon yellow to greenish yellow. At times the rays vibrating parallel 
to jC are almost a pure deep olive green. In any event brown is most conspicuous 
in the rays vibrating parallel to b. This hornblende has a very unusual absorption, 
in that the absorption parallel to b is greater than that parallel to jC, thus, b>C>a. 
In some cases there appears to be very little difference in color and absorption 
between b and jC, but wherever there is a marked difference the absorption is as 
given above. Professor Rosenbusch^ refers to an observation by A. Osann of a 
hornblende phenocryst in an andesite from Hoyazo, CalK) de Gata, which has not 
only the same absorption but also nearly the same colors as have these hornblende 
phenocrysts from Crater Lake. The pleochroism as given is as follows: a, light 
greenish yellow; b, greenish brown; c, dark greenish yellow: and b>jc>a. 

The extinction angles for these hornblende crystals are very small, 6^ or 7^ 
being the maximum observed. Further optical properties, as far as could be 
observed, appear to correspond with those of the similar hornblende that forms a 
large part of some of the so-called secretions to be descril)ed later in this pai>er. 
Twinning parallel to the orthopinacoid is very common. 

The dark brownish-red variety of hornblende is to be seen in Nos. 104, 110, 
112, and 114; it also occurs less abundantly elsewhere. In form it does not differ 
from the above-described variety. The pleochroism is fully as marked, but the 
colors are very different, C = dark brownish red, b = reddish brown, a = yellow, 
with jC>b>a. The absorption is normal. The deep brownish-red color of the 
rays vibrating parallel to C are very striking and characteristic. This color is 



aMikroskopiwhc Physiciprnjihie, 'M\ edition, Vol. I, 1892, p. 558. 
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sometimes aimost blood red and reminds one strongly' of the color of hematite in 
very thin scales. The extin(*tion angle does not differ materially from that of the 
first variety. 

In one or two cases lx)th of these varieties of hornblende may lie seen in the 
same thin section (104). They are both of them usually' perfectly sharply crystal- 
lized and unaltered. Only in rare cases can a partial resorption with development 
of black rims be noted (124), and, from the very few sections olwen^ed, it is not 
possible to states whether both of the varieties may have such resorption rims, but 
it appears as though this were the case. As far as can l)e seen, there appears to be 
no difference in the relative ages of these two varieties. They are the youngest 
of all the phenocrysts. The greenish-brown variety, at least, contains inclosures 
of plagioclase, hypersthene, and augite. The hornblende occasionally appears with 
other minerals in the form of nests and then is not as apt to occur in slender 
prisms as in more irregular grains. 

HYPERSTHENE. 

This mineral is not as abundant as it is in the andesites, but it is never entirely 
lacking. It occurs in the same forms — namely, prism, two pinacoids, and flat ter- 
minal faces, in the same habits and with the same color, pleochroism, and inclos- 
ures of glass, etc., as it does in the andesites. The reader, therefore, is referred 
to the description of this mineral as given under the andesites on pp. 78 to 82. 
It could not be noticed that the pleoc;hroism is less pronounced or the colors less 
deep than they are in the andesitic hypersthenes, so that there is no reason for 
considering these orthorhombic pyroxenes as enstatite rather than hypersthene. 
The crystals are mostly very sharp, although they may at times show some round- 
ing of the corners. In only one case was a resorption noted, accompanied by the 
development of a dark, blackish-red, opaque rim (112). 

AUGITE. 

This mineral is to be seen in about one-third of the thin sections studied. It 
is much less abundant than hypersthene and is inclined to occur in more or less 
irregular grains rather than in sharp crystals, although the latter are by no means 
lacking. In color it is a pale green without noticeable pleochroism. It has been 
noticed to inclose magnetite and apatite. It is younger than hypersthene and also, 
as a general thing, younger than plagioclase, but is older than hornblende. 

OTHER MINERALS. 

Olim7ie was observed only in the older secretions that accompany these dacites 
and will be referred to under that head. Apatite and zircon occur as occasional 
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inclosures in the different phenocrysts, as does also magnetite. The first of these, 
however, is not easily found. Its color is sometimes a distim^t brown, and the 
form roundish prismatic. 

The order of crystallization for the above minerals, leaving out these last- 
named accessory minerals, is as follows: Hypersthene, plagioclase, augite, and 
hornblende, with some variabilit}" as to the plagioclase, as this mineral is at 
times older than hypersthene. 

DISTRIBUTION AND DESCRIPTION OF DACITE MASSES. 

LLAO ROCK FLOW. 

As far as may be judged from the few specimens collected from this most con- 
spicuous of the Crater Lake dacite flows, the Llao Rock mass shows three (juite 
distinct varieties of dacite — namely, vitrophyric, lithoidal, and spherulitic dacite. 

VITROPHYRIC DACITE. 

This variety was collected from the extreme southern edge of the lava flow, 
where it is necessarily very thin. It is represented by Nos. 101 and 102. The hand 
specimens present the apj)earance of a perfectly fresh vitrophyre in which the glass 
base, which constitutes at least four-fifths of the entire mass, has a dark, greenish- 
gray color. In this glass base are inclosed numerous phenocrysts of plagioclase that 
measure not over 1 to 2 millimeters, and that are white and glassy and show hardly 
a trace of cleavage. In addition to these area very few minute, deep-brown to green 
and black, resinous-lustered crystals that are hardly to be seen without a magnifying 
glass, and that, in thin section, prove to be usually hypersthene or hornblende. 
There are also to be noted a few angular fragments, compact, gmyish brown and 
dull lustered, measuring one-quarter inch to one inch or more in diameter. These 
are referred to later under the head of nodular secretions. This rock is more or less 
Clucked in different directions owing to shrinkage in cooling. The rock parting 
along these cracks, which sometimes gap, breaks into very smooth flat surfaces that 
have a distinct gloss. Otherwise the fmcture is rather rough or small-concoichil, 
owing to the presence of the abundant plagioclase phenocrysts. This viti*ophyric 
dacite may also be streaked by more or less parallel bands of grayish-looking pumice, 
as may be seen in a specimen collected by the writer on the same spot. (No. 2013.1 
of collection of H. B. Patton.) 

In thin section the glass base appears to be clear and colorless and to be crowded 
with very sharp and straight and remarkably even-sized microlites of augite that 
measure 0.003 millimeter wide by 0.02 to 0.04 millimeter long. (See fig. A of 
PI. XVIII, p. 132.) These microlites are too small to show any color, but the strong 
refraction is evident, as well as double ref mction and an extinction angle up to 45^. 
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There are aUo to 1m» S4'eii a very few opaque eiirvcHl black trichites. The straight, 
colorless augit<' nrK^rolites appt^arto }>e the sjiiiie as nrv to 1k» seen sjiaringly developed 
in a thin s<»etion pn'|)are<l by the Unittsl Stat<»s (reological Survey from the rhyolitie 
|x»riite of th<» Yellowstone National Park." They still moni closely' resemble in size, 
ap{>earanc<*, and iumi)>ers the straight eolorless microlites in the dacite from Ijassen 
Peak, ('alifornia, No. S2 of the above-ni«»ntion<»d Educational Series.* The close 
resembhuKM' U»twecn the Llao lt<K*k cbicit4» and this dacite from Lassen Pc*ak will 
Im" again n^fernnl to in these* pages. 

A f<»w feldsjmr nrnMolites (K*eur in No. IDl, but almost none in No.Kbi. These are 
in part lath-shajH»(l plagi<M*lase with very small extinction angles, but mainly short- 
re<-tangular to square, untwinn«»d feldsimr that usuallv extinguishes nearly parallel 
to the sides. In No. lot was seen a nearly recrtangular section of feldsjmr that was 
not larger than nor evtMi as large lus many of the feldspar microlites (0.05 millimeter 
long), in the cent(»r of which was a brown-glass inclusion with side« parallel to the 
<*rystal (»dg<'s and oc<*upying at least on<i-third of the whole crystal, itself inclosing 
a comparatively larg<^ air bubble. Th(» extinction angle measured to the longest 
side was 18 . No twinning was ap|>arent. A repnxluction of this crystal may be 
seiMi in fig. ^F of PI. XIV, p. 7«). 

Fluidal structuH', which is hardly to be seen in the hand specimen, is very 
conspicuous in the thin section, owing to the more or le^s parallel arrangement 
of th(». microliti^s which (H^'ur in flowing lines lapping around the phenocrysts of 
plagioclase, hy|M»rsthene, and horn})l(»nd(», and of acc<»ssory magnetite and apatite. 
IlyjXM'sthene is scar((» and hornblende still more so. The latter occurs mainly in 
very small ne(»dles and only (wcasionally in crystals comparable in size with the 
hypersthene. In oih» insUuice a small crystal of hornblende with sharp crystal 
forms was obs(»rve(l clearly inclosed in plagioclase. This is a decided exception to 
th<» rule that hornbleiuh* in tliese dacites is the youngest of the phenocrysts with 
the |)ossi})le (exception of augit<». 

The chemical analysis of No. 102 is given on page liO. 

LITIIOIDAL DACITK. 

This rock (lo:^) comes from the sunnnit of Llao Itock. It consists of a light- 
gray, d(»nst», and somc^what })or()Us groundmass with thickly scattered, small, white 
feldsjmr ph<»nocrvsts, similar to thos(» in the vitrophyric variety: it consists abo of 
a few almost unnoti<*eable darker phenocrysts. It breaks with a dec^idedly rough 
f nurture and does not show any fluidal struct un*. 

In thin section the groundmass is seen to contain small plagioclase laths, 
similar to, ])ut much nion» abundant than those mentioned as occurring in No. 101; 

"No. Ill of tho Kdunitioiml SvrU"* «»f K<M'k«», dcscribrd hy .1. V. UhUnas in Bull. U. S. Gcol. Sun'ey No. 150, p. 151. 
fcJ.S. DilhT. op. dt., p. 217. 
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also a few feldspar crystallites with rectaiigular outlines and much more feldspathic 
matter that shows no distinct forms and that is not capable of absolute identification. 
There is undoubtedly much glass present but, being colorless, it is almost concealed 
by the abundant crystalline matter inclosed. In whiti*. light with weak magnifying 
powers the thin section has a somewhat dusty appearance. When strongly mag- ' 
nified this dusty matter resolves itself into minute, colorless, straight augite 
microlites, like those described as chai'acteristic of the vitrophyric rhyolite, together 
with somewhat larger microlites of the same mineral that inclose a few very miiuite, 
bla<*k, and opaque grains — presumably of magnetite. Pro})al)ly the dasty appear- 
ance is intensified })y the presence of small air bubbles in the glass base. Phe- 
nocrysts occur about as in Nos. 102 and 101, with the addition of a very little 
augite in sharply defined and almost colorless crystiils. 

This can not be said to be a typical lithoidal dacite. The abundance of plagio- 
clase microlites and the scarcit}^ of the untwinned groundmjiss feldspar with square 
or rectangular forms cause this rock to resemble some of the more dacitic andesites 
of this region. 

SPHERULITIC DACITE. 

A specimen of spherulitic dacite, No. 108, was collected on Llao Rock in 1883. 
The field la})el accompanying the specimen does not statt> the exact location. In the 
hand specimen this is seen to consist of a nearly black glass very thickly crowded 
with })rownish spherulites that measure from 8 to 5 millimeters in diameter. So 
thickly crowded are these spherulites that they often interfere and make up nmch 
more than one-half of the mass. The spherulites consist of two, sometimes three 
parts. The center is of a dark-gray color, and has a very dense, felsitic texture. 
Around this is a ring or zone about a millimeter wide, of a less dense or even of 
minutely porous material, and of a brownish, reddish-brown, or light grayish-brown 
color. Outside of this again occurs usually, but not always, the third part, dense 
like the central portion, and either gray in color like the center or of a deeper brown 
than the intennediate zone. Many of the spherulites show g^^PP'^^g cracks that seem 
to be confined to the middle zone. There is, however, no trace of lithophysal devel- 
opment. The inside of these cavities is rough, and of about the same color as the 
middle zone of the spherulites in which they lie. They do not appear to conbiin 
crystals. Upon cross fracture these spherulites have a distinct radiated appearance. 
The customary phenocrysts occur (juite indifferently in the glassy portion as well as 
in the spherulites. 

Under the microscope the glassy groundmass is almost identically the same as 
that of the vitrophyric dacite described ab^ve. The same colorless augite microlites 
of about the same size, 0.03 to 0.05 millimeter long by 0.003 millimeter wide, may 
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be seen. A very slight distinction may ])e noted in that these augite microlites are 
not perfectly clear, but often have a small amount of black, opaque, dusty matter- 
probably magnetite — either adhering to the outside or inclosed within. Curved, 
black microlites were not observed. Most of the spherulites show two or three 
periods of growth that correspond to the different colored zones noticeable in the 
hand specimen. One or two appear to have had but one period of growth — that 
corresponding to the inner portion of the others. This inner part has a dirty-brown 
or grayish-brown color, lets through but little light, and shows a distinctly fibrous 
radiating structure. The fibers are very fine, and hardly distinguishable from each 
other. They polarize light feebl}', and have a positive extension. Owing to the 
partial opacity of this central portion, the usual black cross is hardly discernible. 

The portion of the spherulites that belongs to the second or intermediate zone 
does not seem to be as porous as the rather rough appeai*ance in the hand specimen 
would indicate. It is, in fact, mostly quite solid. It appears in a light-brown color, 
very much lighter than the central part, and is composed essentially of distinct shreds 
of a colorless mineral diverging from the center outward and branching at low angles. 
These shreds are coarse enough to show extinction angles often quite oblique to their 
longer axes. The}^ have invariably a positive extension. In polarized light they 
apj)ear to continue the finer fibers of the central portion. Between the arms of the 
branching positive shreds occurs frequently unindividualized matter that shows feebly 
negative polarization — considering this substance to be also fibrous; but all the more 
distinctly recognizable shreds are positive. 

These coarse branching shreds so closely correspond to the feldspar of the spher- 
ulites in the obsidian of Obsidian Cliff in the Yellowstone National Park, as describevi 
by Iddings,^ and to that of the spherulites from the region of Rosita and Silver Cliff, 
Custer County, C<^lo. , as described by Cross,* that, after studying thin sections pre- 
pared from spherulites from the latter place, the writer has no hesitancy in pronounc- 
ing these in the Llao Rock dacite as belonging to feldspar also. In their positive 
character they correspond to the feldspar in many of the spherulites from Custer 
County, Colo. The brownish color of this intermediate portion is due to the pres- 
ence of brown, yellowish, and reddish ferritic matter in the form of dust particles, 
and occasionally in the form of minute scales. A radial arrangement of this ferritic 
matter is not marked. 

The outer portion of these spherulites when seen in thin sections appears to be 
identical with the central core. It is often entirely missing, and when present does 
not usually envelop the whole spherulite, but appears as irregular lobes or prolon- 
gations of the same. 

a Seventh Ann. Rept. U. S. Geol. Survey, 1888. pp. 276-278. 

^ CoDHtittitiuu and origin of Hpheruiites in acid eruptive rocks: Hull. Philoti. Sue. Washington, Vol. XI, 1891, pp. 411-440. 
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The strings of augite microlites that accentuate the fluiclal structure of the glassy 
part of the rock pass uninterruptedly through these spherulites, and the phenocrysts 
lie embedded in them as well as in the remainder of the rock, as is universally the 
case in such bodies. Part of the ferritic matter may be seen to arise from the f ui-ther 
oxidation or hydration of the ore particles that adhere to the augite microlites. 

The phenocrysts observed in this rock are plagioclasc hypersthene, hornblende, 
and augite, with accessory apatite and magnetite. The order of crystallization is 
(1) magnetite and apatite, (2) plagioclase, (3) hypersthene, (4) augite and hornblende, 
(5) the spherulitic foims; to which may be added augite and feldspar microlites of the 
groundmass, which belong between 4 and 5. The hornblende is very sparingly devel- 
oped, as is usu^l, but occurs in both the brownish-green and in the brownish-red 
varieties. 

This spherulitic dacite should be compared with the very similar occurrences in 
the Cloud Cap flow. 

In the thin section of this rock may also be seen a few small inclusions of 
identical nature with the inclusions of older secretions to be found in No. 102, 
described immediately below. 

NODULAR SBCRETIONS. 

In the description of the vitrophyric dacite (102) from the south end of the 
Llao Rock flow, reference is made to inclosed angular fragments of compact, 
grayish-brown, dull-lustered material. In the thin section of this rock there 
occur three of these inclusions, the largest of which is about 6 millimeters in diam- 
eter. They are composed of a loosely felted mass of slender hornblende prisms and 
also of almost equally slender plagioclase laths, with a few octahedrons of magnetite. 
In the interstices of this felt is to be seen a brown glass that composes at most 
one-quarter of the mass. The hornblende and plagioclase are present in about 
equal amounts. The hornblende is very unifoimly about 0.1 millimeter in width 
and from 0.5 to 1 millimeter in length; the plagioclase is alx)ut the same in width, 
but not quite so long. In one of these inclusions the color and pleochroism of 
the hornblende are almost identically the same as that of the reddish-brown 
hornblende that is mentioned above as occurring in many of the dacites. It is 
to be distinguished only by the very slender form and by its great abundance. 
The extinction angles in the prism zone are very small, rarely over 3^. 

In another of these inclusions the hornblende has the color and pleochroism 
of the greenish-brown hornblende of the dacites, while in the third one the color 
is intermediate between the two. This change of color, corresponding as it does 
to the variations of color of the horn})lende in the different dacites or in the same 
dacite, forms one of the arguments in favor of this being an older secretion. The 
form of this hornblende does not vary with the change of color. Usually only tlu» 
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unit prism is to Ik» noti»(l. Th«' tin'iniimtions iin» not often sharp. Thci jirisms 
(»ithcr tiiper out at tho t»nd, or ond rouj^hly, a.s though broken off. 

Tho j)lajtjio< las«» is usually siniply twinned, with only two or three bands visible. 
The largest extinction in a synunetrieal s(»ction observe<l was ik* . These very 
sU»nder laths contain long brown glass inclosures that often show the form of the 
host. The prisms of phigiochise and hornblende do not often interfere, })ut when 
they do it d(K»s not appear that one of these ingredients is older than the other. 
In addition t^> these lath-shaped plagioelase, this mineral also oircurs in two or thi^ee 
comiMiratively large and decidedly siM)ngiform. stout crystals that contain nuich 
colorless glass, and bit.s of hornblende of the same color as in the section outside 
of the feldspar. It is nit her remarkable that this mineral should be thus inclosed 
in the plagioelase, inasnuich as elsewhere in these* <lacites hornblende l>elongs to 
the youngest of the ])henocrvsts. It is to be noted, however, that, as it occui's 
thus inclosed in plagioelase, it does not have* the same sharp fonn as is otherwise 
to Ijc seen. In fact, it pn^sents exactly the appearance of having been formed as 
a secondary mineral in the feldspar. 

Both hyi)ersthene and augite seem to Imj missing. 

There does not appear to the writer to be nmch doubt that these inclosures are 
f mgments of older secretions from the dacitic magma, although the absence of the 
pyroxenes is hard to explain on this supposition. But the tendency for the ingre- 
dients to assume long slender forms, quite distinct from those in the rock in w^hich 
they occur, appears to be v(^ry characteristic not only of this })ut of other secre- 
tions that will be described later jis occurring in the dacites, and also of secretions 
in the andesites. 

Fig. .1 of PI. XVIII (p. 1/52) is a photomicrograph from No. 102, and shows 
both the secretion and th«» inclosing vitrophyric dacite. 

Reference is made* elsewhere to the n^semblance between some of the vitro- 
phyric dacites of Cniter Lake and the dacite from Lassen Peak, Califoi-nia, of 
which Mr. Diller has given a brief description." In this description Mr. Diller 
mentions and gives a photograiih of angular ikkIuIcs inclosed in the dacite. His 
descrij)tion of the microscopic appeamnce of these inclusions, corrol)orated by 
study of the thin sections kindly loaned the writer for the purpose, discloses a 
V(»rv close resemblance* to the inclusions from the Llao Rock dacite. In color, 
form, and structural n»lationships of the hornbh^nde and in the o<»currence of plagi- 
oclas«^ and a small amount of brown glass the resemblance is very close. The 
main i>oints of dilFenMice are thivse, that the lessen Peak inclusion is coarst^r 
gniined, the hornblende prisms jin» not so slender, and the hornblende not infn*- 
(luently incloses plagioelase laths; also biotite and i)yroxene and a little olivine 
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and tridyiiiite are i)ros(»rit. The appinimiK-e of biotite in the Lii-ssen Peak secretion 
is to be expected, as the same mineral occurs in the dacite itself. 

GROUSK HILL FLOW. 



The four specimens collected from this mass (1()5, loO, loT, and U)H) are far 
from bein^ a typical dacite. If this were the only example of this kind of rock 
in connection with the Crater Lake lavas the rock would naturally be classified 
as an andesite. As a matter of fa<*t it partakes of the chamcteristics of both dacites 
and andesites to such an extent as to represent a thoroughly intermediate type. 
Taken in connection with lx)th the andesites and the dacites of th(» surrounding 
region the dacitic characteristics predominate, so that th(» rock may well be called an 
andesitic dacite. 

These four specimens are light gray or, in the case of Xo. 107, brown and gray 
streaked, rough-fracturing and slightly porous rocks with the usual small and not 
very conspicuous phenocrysts. l^nder the microscope th(» groundmass varies from 
glassy to hypocrystalline, the variations occurring in irregular streaks to be seen in 
the same thin section. In general the groundmass contains a good deal of crystalline 
matter, which consists mainly of small lath-like microlites of plagioclase, together 
with small, rectangular, untwinned feldspar crystallites, such as are to be found very 
abundantly in the more typical dacites. The plagioclase microlites are similar to 
those seen in the dacite of Llao Rock, but are here much more numerous and are the 
feature that most closeiy reminds one of the andesites. They are probably oligoclase, 
as the extinction angles are mostly very small. In addition to these feldspars ma\' 
also be seen very slender and minute colorless microlites resembling the augite 
microlites of the Llao Rock flow, but differing in being not quite so sharp or straight, 
also in having a tendency to taper out at the end. They are undoubtedly augite. 
A small amount of black, o|>a(|ue, iron oxide, distributed as minute, dust-like partich^s, 
assists the augite microlites in giving to the groundmitss a clouded aspect. • The 
brown color of Xo. 1()7 is produced by the presence of brownish and yellowish 
ferritic staining matter. 

All four of these specimens contain plagioclase, hypersthene. augite, and reddish- 
brown hornblende as phenocrysts. The plagioclase has a stronger tendency than is 
customary in the Crater Lake dacittns to become* crowded with glass inclusions. 
Augite is more abundant than in the more typital dacites. It occurs both in sharj) 
but small and often twinned crystals and in irregular grains. The horn})lende, which 
belongs to the n^ddish-brown variety, is also somewhat more abundant than usual. 
In No. 10() it occurs in uncorrodtKi crystals, on oih* of which th<' forms (110), (OlO), 
and (l^M)) w(»re noticed. In the others tiic hornblench* is mon* or less corroded and 
has developed resorption rims of magn(4ite and augiti*. In Fig. // ni PI. XIV (p. 7*'») 
may be seen a reproduction of a crystal of hornblende in Xo. 105. 
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CLEETWOOD COVE FLOW. 

This mass is one of the latest lava flows to be found on the rim of the 
cmter. According to Mr. Diller a part of this stream was fluent at the time the 
summit of Mount Mazama subsided, and a ]K)rtion of the stream that ran back 
into the j)it formed by the subsiding cone may be seen at the head of the cove 
at the water's edge. The lava of this mass, as far as may l)e judged from the 
Ave specimens collected, is of two varieties, a vitrophyric and slightly spherulitic 
and a lithoidal variety. 

The vitrophyric type is seen in Nos. 109, llo, and 111, which were collected 
on the crest of the rim. These appear in the hand specimens to be very glassy 
and to consist of mixtures of black to grayish-black and of reddish-brown glass. 
The reddish-brown portion is a little more abundant than the black and forms 
more or less continuous stre-aks, while the black is more frequently in the fonii 
of small, angular patches, inclosed in the former. When examined with a ix)cket 
magnifying glass the brown portions appear often porous and possess a some- 
what ropy structure, while the black portions are solid. Small phenocrysts of 
white glassy-looking plagioclase abound as usual. 

In thin section it is evident that the brownish portions result from the altera- 
tion of the black glass simply by a process of hydration of the iron contained in 
the glass. The fresh and unaltered parts appear in a thin section as a light-brown 
glass, perfectly fresh and clear, but irregularly dotted with very small colorless 
glass spots. This light-brown glass (contains countless minute and colorless augite 
microlites which, in No. 109, are identically like those in the glassy dacite from 
the southern end of Llao Rock. In No. Ill the groundmass contains, in addition 
to these augite microlites, also a few plagioclase microlites. In No. 110 the augite 
microlites are more slender and longer, as well as more numerous, and the feldspar 
microlites occur in lath-shaped plagioclase, and still more conspicuously in the 
squarish or rectangular untwinned forms that are more especially characteristic of 
dacites. In all three of these there is a partial development of spheralitic forms. 
These occur in small reddish to brownish or yellowish spheres that very faintly 
polarize light and have a not very distinct radial structure. 

The brown color of the rock as seen in the hand specimen is due largely to the 
ferritic matter contained in the spherulites, but is also due to staining of the glass 
in the vicinity of cracks and pores and around the spherulites. 

The phenocrysts, with the exception of plagioclase, are small and very scarce. 
They consist of hypersthene and a very few minute, reddish-brown hornblendes (not 
more than three or four in a thin section). Augite is entirely wanting. 

Th«* lithoidal variety of dacit<» from this lava flow is seen in Nos. 112 and 113. 
The former has a dark-gray, compact, and dul Mustered groundmass and strongly 
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developed fluidal structure; the latter in light gray and lusterless, but not fluidally 
developed. Both of these probably contain considerable glass, but in No. 112 this 
is partially, and in No. 113 almost entirely, obscured by devitrification products 
common to lithoidal dacites. In both, the augite microlites abound, but in No. 113 
these are notably larger than in the other dacites heretofore described in these pages, 
and they are granulated by means of adhering and inclosed magnetite grains. In 
this rock, too, the colorless crystalline material of the groundmass is coarser than 
usual. Very little of it can actually be identified as plagioclase microlites. It con- 
sists, rather, of allotriomorphic shreds that may be feldspar or quartz, and that have 
a general elongation parallel to the fluidal planes of the rock. Small plagioclase 
phenocrysts al)ound, but other phenocrysts are very scarce. Hornblende is nearly 
missing and augite entirely so. 

A chemical analysis of No. 113 will be found on page 140. 

WINEGLASS FLOW. 

This embraces only the small dacite flow, about three-quarters of a mile long, 
that stalls n(iar the rim at the Wineglass and extends northeastward. In the hand 
specimen the rock (111:) closely resembles the brown and black vitrophyric dacite 
from the Cleetwood Cove region, just above described. In this case, however, 
the black glassy portions appear more as elongated streaks accentuating the fluidal 
structure. 

Under the microscope the darker portions that appear black in the hand 
specimen ai*e seen to be composed of nearly pure glass, but not of a uniform color. 
The rock consists of more or less parallel strands of absolutely colorless glass and 
of glass rendered more or less opaque by means of blackish to brownish minutest 
dust-like particles of uncertain character. The usual microlites of augite appear 
to be missing. This interweaving of colorless and dark-colored stmnds causes the 
glass to assume a decided stringy appearance. In case two phenocrysts approach 
each other the strings or strands are apt to assume almost or entirely parallel 
directions, but elsewhere they show a constantly vaiying arrangement, frequently 
becoming wavy or strongly crinkled, like the crinkling of many chlorite- and mica- 
schists. Furthermore, this stringy structure does not run uninterruptedly through 
the thin section, but is broken up into more or less sepai*ate areas that have 
lenticular or twisted forms. In geneml the arrangement of these glassy strands 
corresponds with the customary fluidal structure of glassy rhyolites and dacites, in 
that the strands lap or flow around the phenocrysts, after the manner of strings 
of microlitic inclosures. 

The red portion of this dacite does not appear to differ in thin section from the 
above-described })lack areas, except that it is stained with dirty looking, brownish, 
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powdery^ ferritic mattei'. It constitutes the greater part of the ro<;k and appears 
to inclose irregular, frayed out areas of the darker colored glass. This partial 
alternation of different colored areas lends a ])recciate<i apj)eai'anee to the whole. 

The characteristic structure of this dacite does not differ essentially from 
similar structures as described bv observers elsewhere, })ut it reminds the writer 
forcibly of the red obsidian which Iddings has described, and of which he has 
given a colored reproduction.'' The phenocrysts of this dacite are not noticeably 
different from those in the dacites already described. They consist of plagioclase 
and hypersthene and of isolated, minute, reddish-brown hornblende. The rock 
also contains small fragments of a holocrystalline, poq^hyritic, hypersthene-bearing 
basalt, and in one case at least of a hyalopilitic andesite. These fragments are 
with a few exceptions hardly noticeable in the hand specimen, as they are small, 
but they are very numerous, as each of the two thin sections prepared from this 
rock contains eight or nine such inclosures that measure from 2 or 3 millimeters 
down to about 0.02 millimeter in diameter. 

The chemical analysis of this dacite will be found on page 140. It will be 
noted that the amount of silica is 2 or 8 per cent less than in the two other dacites 
analyzed. Unfortunately the presence of the above-mentioned inclosures of basalt 
vitiate to some extent the analysis. The lower percentage in silica may easily be 
explained by the presence of these inclosures, which may have been present in the 
portion sent for analysis to an even greater extent than is indicated by the thin 
sections. 

CLOUD CAP FLOW. 

This is an extensive flow that starts at Cloud Cap and extends for about 3 miles 

in a northeasterly direction with a breadth of about a mile. The rock specimens 
collected from this flow and included in this description are Nos. 115, 116, 117^ 

US, 119, and 120. With the exception of one distinctly lithoidal specimen (119), 

these are mainl}" very glassy and also largely spherulitic dacites, closely resembling 

the Llao Rock mass (as seen in Nos. 101, 102, and 104). The glassy portion of these 

rocks ha*^ a light-gray color. Phenocrysts of white glassy plagioclase are abundant, 

and phenoi'rysts of the ferromagnesian minerals are scarce. Spherulites are to be 

found in Nos. 1 IH, 1 17, and 120, but they are conspicuously visible in the hand specimen 

only of the last mentioned number. Here thev occur from one-fourth to one-half 

inch in diameter, and hav(» a whitish to light-drab color. The larger spherulites 

are more or less hollow and show on the cracked surface a fluted or ribbed structure 

radiatinj^ from th(» center outward. 

As til is rock does not differ v(»ry materially from the spherulitic dacites already 

described, a brief description of the microscopic (characters will suffice for present 
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purposes. The glassy portions in the spherulitic varieties, as well as in the entirely 
vitrophyric groundmass of No. 118, contain characteristic streams of minute straight 
and colorless augite microlites, like those in Nos. 101 and 102 of the LlaoRock mass. 
Microlitic feldspars, in the form of lath-like plagioclase and rectangular and appar- 
ently untwinned feldspar, occur in varying amounts, both in the same and in dif- 
ferent thin sections. Some streaks may he almost entirely devoid of such feldspar 
microlites, while others may be crowded thickly with them, while between these two 
extremes there appears every conceivable intermediate stage. In two or three thin 
sections, but more noticeably in No. 117, the untwinned feldspar, or more properly 
the microlitic feldspar, that does not appear to have the albitic twinning, occurs in 
very thin leaves that show striking Carlsbad twinning. The two individuals that 
make up one of these twins have each of them simple quadrilateral form, and the 
leaves lie over each other joined by the clinopinacoid, which is also the plane parallel 
to which the little leaves are extended. Professor Rosenbusch refers to such twinned 
microlitic feldspars as occurring in rhyolite pitchstone and rhyolite obsidian. No. 
116, which shows in the hand specimen very strongly developed tlnidal structure, 
consists of alternating, parallel streaks of vitrophyric, spherulitic dacite, and of a 
more lithoidal dacite free from spherulitic inclusions. The lithoidal streaks have the 
plagioclase laths very strongly developed and at times bear a marked resemblance 
to some of the Crater Lake andesitic rocks. On the other hand. No. 115 has a brown 
glass groundmass, inclosing numberless somewhat granulated augite microlites, and 
is almost free from feldspar microlites of any description. Slender, straight, and 
curved opaque black trichites, as well as a very little black ore in minutest grains, 
may also be mentioned as occurring in some of these specimens. 

The spherulites differ somewhat from those in No. 104, in that zones of growth are 
not so plainly developed. There is, however, often an inner, coarse-grained portion 
occupying the greater part of the spherulite and an outer, denser, and usually deeper 
stained zone. The inner coarser part is made up of radiating shreds that show both 
positive and negative extinctions; usually, however, positive. They also have a 
tendency to fork at small angles and do not extinguish always parallel. 

The phenocrysts do not present any characteristics peculiarly different from 
those common to the other dacites with the possible exception of hornblende, which 
is rather more abundant than elsewhere. It has mostly a green ish-})rown color, but 
also occurs reddish-brown in No. 110. It is absent onlvin No. 115. It is of interest 
to note in this connection that, although these rocks contain more hornblende than 
do the other dacites of Crater Lake, still the actual amount is very small indeed. As 
far as may be judged, a tliin section from this tlow does not contain one-fiftieth or 
perhaps one-hundredth part as nmch hornblende as does the dacite from Lassen 
Peak, to which reference is made above, and with which these Crater Lake rhyolites 
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are cIoHelv allied. It should further l>e stated that occaHional nests of older secretions 
are to be si»en consisting of plagio<»lase, hypersthene. hornblende, augite, and magne- 
tite, in which hornblende is apt to be very abundant. Zircon, which is so often 
reported as oi»curring in such rocks, appears to be a rare accessory mineral in the 
Crater I^ke rocks of all types. It was noticed in a single crystal in No. 117. 

SL^' CREEK FLOW. 

This mass includes all the dacitic area to be seen on both sides of Sun 

* 

Creek, and stretching to the east as far as Sand Creek. The specimens studied 
are Nos. 121, 122, 128, 124r, 125. 12<), 127. No. 144 comes from a secretion in 
dacite and will be described later. \o. 128, which is distinctly different from the 
others, will be found dt»scribed on page 180, under the head of secretions. No. 128 
is a dacite tuff. 

This is the onlv dacit<» muss to be seen on the south side of Mount Mazama. 
It differs from all the above-descri])ed dacites, in that, as Mr. Diller has .shown, 
it belongs to an earlier period in the formation of the volcano and is overlain by 
andesite flows. Although the individual specimens above numerated vary greatly 
in theii* outward appearance, they are in gen(»ral much more thoroughly crystalline 
than are the more recent dacites on the northern and eastern sides of the lak,e. A 
glassy groundmass is not wanting in portions of these rocks, but devitrification, 
either contemporaneous with the cooling of the rock or subsequent thereto, is well 
developed. These rocks, therefore, are Ix^tter suited to a study of the lithoidal 
types and will receive niore individual Citt/Cntion than has been given to most of the 
specimens thus far. 

No. 121, taken from the west side of Sun Creek Canyon, is a light-gray, porous, 
and rough-fracturing rock, with inconspicuous phenocrysts, and with numerous 
rough cavities that are lined with minute white glassy crystals. Some of these 
crystals, scraped from the cavity with a knife, proved to be tridymite, together with 
some feldspar similar to that described later as visible in the thin section lining the 
cavities. 

Under the microscope the groundmass appears to })e in most places holocrystal- 
line, or at least one in which a glass base plays a very subordinate role. Here and 
there, however, the thin s(»ction assumes a brownish cast, indicative of abundant 
glass. The colorless i)articles, which appear to make up the bulk of the ground- 
mass, are neither elongated nor squarish in cross section, but have ill-detined, 
roundish, allotriomorphic fomi. Throughout this granular mass are scattered minute 
opaque dust-like ore particles, and also many minute yellowish to colorless dust-laden 
augite microlites. Irregular longish cavities abound, the larger of which are 
empty; the smaller ones are often filled with tridymite. Between this tridymite 
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and the walls of the cavity is a nain*ow fringe* of colorless grains, the same to all 
appearances as those that fomi a large part of the groundmass. Wherever these 
colorless grains come into contact with the Canada balsam they are seen to have an 
index of refraction lower, but only very slightl v lower, than that of the balsam, so 
that the edge of the grain can hardly be distinguished. They can not, therefore, be 
quartz. They are structureless and without twinning bands. In polarized light the 
polarization colors are nmch higher than in the adjacent tridymite. Some of the 
largest of these grains (0.02 to 0.03 millimeter) give biaxial images in convergent 
polarized light. In one case a distinct cleavage was noticed with ah extinction angle 
of 7i° to the trace of the cleavage plane. Convergent polarized light gave a positive 
large-angled bisectrix in the center of the field, with the plane of the optical axes 
inclined 7i^ to the trace of the cleavage. These properties would certainly indicate 
orthoclase, in whi(!h case the gmin just mentioned is cut nearly parallel to the 
clinopinacoid. These fringing grains are free from solid inclosures, but they appear 
to contain gas pores. 

That, in spite of the above-described properties, these colorless grains are 
probably not orthoclase, may appear from the following two considerations: First, 
the index of refraction is too high for orthoclase, although, like orthoclase, it is 
lower than that of the Canada balsam, whose index of refraction is taken to be 
1.540. Orthoclase, whose index of refraction is about 0.025 less than that of 
balsam, should present a sharply defined edge at contact with the balsam. Second, 
many or even most of these grains have an undulous extinction. This second 
consideration would suggest the presence of anorthoclase, which would also be 
corroborated by the preponderance of NagO over KjO, as shown in the chemical 
analyses of the Crater Lake dacites. On the other hand, the index of refraction 
of anorthoclase as given by Professor Rosenbusch^' is only 1.527, which is but 
0.002 higher than that of orthoclase. Unless, therefore, anorthoclase should prove 
to possess a higher index of refraction than that here given it would seem that 
this feldspar must be placed in the albite-oligoclase series in spite of the fact that 
no twinning is to be seen. 

It is more than likely that quartz forms a large part of the crystalline 
groundmass, but owing to the small size of the particles this could not be 
demonstrated. 

The tridymite of this rock does not possess the customary shingled aspect. 
It does probably occur in more or less overlapping scales, but the edges are 
irregular and the overlapping not very conspicuous. The occurrence, however, 
is exactly like that of the tridymite in the lithoidal rhyolite from Obsidian Cliff 
in the Yellowstone National Park, as examined bv the writer in sections from that 

a Mikroakopische Phyaiographie, 3d edition, V^ol. 1, 1892, p. 157. 
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rock ill tho ix>.s8ossioii of the inineralogical laboratory of Harvard riiiverjjity. 
In describing the occurrence of tridymite in the rhyolite from Obsidian Cliff, 
Iddings says:* "'The spaces * * * are in most instances occupied by tridymite 
in comparatively larjjfe crystals, ofttui twinned and carrying numerous gas cavities/' 
The tridymite in this Sun Creek dacite may be recognized })y the following 
properties. It occurs in minute crystals or grains that measure (>.05 to 0.15 milli- 
meter, usually filling the cavities. Twinning is very common. Sometimes the 
twins resemble those of orthoclase in the form of Carls]>ad twins, the twinned 
halves having wideh' differing extinction angles; in other cases there appear to 
be twinning planes in more than one direction. Undulous extinction is very 
common, but where the twinning is well marked this is not much in evidence. 
Exactlv similar undulous extinction was also noted in the sections from Obsidian 
<JlitT above referred to. Interference colors are very low, sometimes being almost 
invisible. The refraction is much lower than that of the adjacent balsam. This great 
difference in refractive powers is strongly brought out by the extreme roughness 
of the tridymite, as well as b}^ the shaipness of the edges as compared with the 
great smoothness of the surface of the feldspar grains fringing the cavities. 
Except for the presence of gas cavities, the tridymite is free from inclosures. 

Among the phenocrysts of this rock are fairly abundant plagioclase, rather 
sparingly developed hypersthene, and only an occasional minute augite crystal. 
Hornblende was not to be seen. 

Specimen No. 122, collected lower down on the west side of Sun Creek Canyon, 
not far from No. 121, is a slightly porous light-gi'ay rock of lithoidal character, 
mixed to a certain extent locally with dark gm} ish-green glassy portions. Both 
the lithoidal and glassy portions are crowded with small spherulites, 1 to 3 millimeters 
in diameter. Most of these spherulites are solid externally, and of a dark -gray color 
within on the freshly fractured face. Some are hollow and show a slight tendency 
toward the formation of concentric shells or lithophysa?. 

Under the microscope the greater part of the rock is seen to be composed of 
spherulites of distinctly recognizable fibers and shreds that radiate in branching, 
feathery forms from common centers. These apparently feldspathic fibers have 
both positive and negativ(*, but more commonly positive, extension, and extinguish 
both parallel and oblique. Whether they are actually intergrown with quartz can 
not positively be asserted. The outer portion of the spherulite usually contains 
deep brownish-red scales, presumable of hematite, that polarize light strongly. 
They radiate from the center and branch at low angles. To these brownish-red scales 
is due the reddish color of the outer portion of the spherulites as seen in the hand 
specimen. The two thin sections prepared from this rock were both cut from the 

/'SpluTulitIc crystalliziition: Bull. Philos.Soc. WasliiiiKtou. Vol. XI, 1891, pp. ^5-464. 
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bly of the allotriomorphic feldspar patches of many of the holocrystalline andesites 
of this region. They are to be distinguished from such by the absence of inclosed 
plagioclase laths. Plagioclase and hypersthene occur among the phenocrysts, as 
usual. One augite crystal was noticed; also a grain of magnetite surrounded with a 
rim of leucoxene. 

No. 127, from near Sand Creek, furnishes a beautiful illustration of fluidal 
structure, both in the hand specimen and in the thin section. In the former it 
appears in very thin alternating parallel bands of light reddish-gray and of dark- 
gray and very compact materials. Phenocrysts are small, but quite abundant, and 
are made more conspicuous by the evident flowing of these thin bands around them. 

In thin section the fluidal structure Ls beautifully brought out, both by the 
alternation of coarser, white bands with finer-grained and brownish-colored bands 
and by the presence, especially in the finer-grained portions, of streaks of black 
dust. When examined with strong powers this apparent ore dust is seen to be 
composed in part of inclusions of air; in part also of really opaque particles that 
are usually to be seen inclosed in augite microlites. The white bands appear to 
be entirely crystalline. They contain comparatively little microlitic material, either 
in the shape of augite or ore particles. In polarized light the colorless material 
breaks up into very distinct, longish shreds quite similar to those described above 
in other specimens from this dacite mass. They are, perhaps, somewhat more 
distinct here than elsewhere. Occasionally some of the larger and better-defined 
shreds (0.1 millimeter or more in length) show distinct twinning bands, but this 
is exceptional. More frequently the extinction is more or less undulous and 
sometimes markedly so. In general it is nearly parallel to the extension and is 
always negative. 

These shred-like strips show a strong tendency toward grouping themselves 
around common centers. Three, four, or five or more of these may be seen 
diverging from a common point, each of them narrowing down wedge-like at the 
center. As in the case of the more isolated shreds these are also negative. They 
thus produce what Rosenbusch calls "pseudospherulites" with negative crosses. 
In the midst of these ''pseudospherulites" may also be seen the ordinary "true 
spherulites" of Rosenbusch, also with negative crosses. These latter do not appear 
to be composed of any recognizable mineml species. They show the customar}' 
black cross with arms parallel to the principal planes of the nicol prisms and remain 
stationary upon revolving the stage. They do not succeed in developing 
externally spherical fomis, as their growth appears to be interfered with by contact 
with the coarser-grained portions of the groundmass. Every possible gradation 
appears to present itself between these so-called *' true spherulites" and the radial 
groups of crystal particles that appear to be undoubtedly feldspathic. 
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the litboidal and the vitrophyric dacites of the Llao Kock mass. Under the micro- 
scope the resemblance is still more striking. Nos. 180 and 131 both contain the-same 
phenocrvsts already described in the equivalent roc*ks above mentioned. There are 
comparatively abundant plagioclase with large extinction angles and zonal structure, 
scanty hvi>ersthene and augite, and occasional greenish-brown hornblende, together 
with accessory magnetite and apatite. The lithoidal rock from the main part of the 
dike does not dilFer sufficiently from the lithoidal dacite of the sumniit to justify a 
special description. The glassy margin, however, presents minor features that 
distinguish it from No. 102. Fluidal structure is very perfectly developed and is 
accentuated lx)th bv the straight augite microlites and by streams of roundish, nearly 
colorless globuliles. The color of the glass streams alternates bt^tween whitish and 
brownish. Here and there a little clear brown glass, free from microlites and 
globulites, is to be seen in close proximity to a phenocryst. The thin section of this 
specimen also contains several small fragments of a fine-grained holocrystalline, 
porphyritic basalt, in the groundmass of which are to be seen slender prisnLs of 
augite and hypersthene, also grains of magnetite and plagioclase laths. 

This dike is undoubtedlv one of the feeders of the Llao Rock dacite. 

The more easterly of the two dacite dikes is represented by only one specimen, 
No. 132. • It is a light-gray, coai^se, rough-fracturing rock. Under the microscojje 
it presents features somewhat suggestive of the Grouse Hill dacite, but the similarity 
is not marked enough to justify the conclusion that this dike is a feeder for this 
dacite mass. The rock is not altogether fresh. It contains, in addition to the usual 
phenocrysts, a very little reddish-brown horn})lende in small crystals and fragments 
with black borders. The groundmass contains the usual short rectangular feldspar 
and a good deal of feldspathic matter that has no well-defined shape. Brownish 
and reddish ferritic matter, together with some black magnetite, renders the thin 
section clouded and dirty looking. Abundant groups of tridymite are to be seen 
filling what appear to be cavities. 

This dike contains an inclusion, No. 133, the nature of which is not clear. It 
has a slightly greenish-gray color, is distinctly but finely granular, and is decidedly 
porous. In thin section it is seen to be composed essentially of plagioclase laths 
and of hyi^ersthene and augite in mostly long, slender prisms. Grains of black 
magnetite, as well as reddish and brownish ferritic staining matter, are abundant. 
Porphyritic crystals are entirely absent. The shape and arrangement of the main 
ingredients, but more especially of the plagioclase laths, are closely analogous to 
those of interstitial basalts, although it does not agree with any of the basalts from 
Crater I^ke. But there are other respects in which this inclusion distinguishes 
itself from the basalts of this region. It contains considerable reddish-brown 
hornblende, and in some of the interstices between the plagioclase laths are colorless 
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aggregates that appear to be tridymite, similar to that in the dike rock. It is 
probable that there is, or was, considerable glass in the form of a mesostasis. But 
if so it is largely devitrified and colored a dullish green. The thin section is too 
thick to allow a satisfactory examination, but the writer is inclined to place this 
specimen among the secretions of dacite. It calls to mind a not very dissimilar 
specimen described among the dacite secretions, No. 123, from Sun Creek. (See 
page 139.) 

DACITIC EJECTAMENTA. 

The large amount of volcanic ejectamenta that covers the surface of the crater rim 
in various places, especially on the northern and westein sides, and that forms exten- 
sive deposits over the so-called Pumice Desert, appears to be almost entirely dacitic 
in character. 

Some dark-colored sand, No. 134, collected on the Pumice Desert is composed of 
the light- and dark-colored minemls occurring as phenocrysts in the dacitea, as well 
as of brown glass. These are plagioclase, hypersthene, hornblende, augite, and mag- 
netite. The size of these crystals varies from about 2 millimeters downward. Pla- 
gioclase forms the most abundant of the sand particles, with forms that are usually 
roundish but that also may be well crystallized. Hypersthene, on the other hand, is 
very common in the chai-acteristic prismatic forms with the unit prism and two pina- 
coids. When finely pulverized and examined under the microscope it is seen that 
both hypersthene and dark greenish-brown hornblende are very abundant and present 
in about equal amounts. Augite and magnetite are rather scarce. The latter can 
readily be separated from the sand by a magnet. This sand exactly resembles the 
coarser parts of the tulF found in the bottom of Sand Creek Canyon seveml miles 
below the crater rim (128) and in Anna Creek Canyon (129). The accumulation of 
the pyroxenes and of hornblende to a much greater extent than in the dacites is very 
noticeable in both the tuff and sand deposits. 

A sediment brought up from the bottom of the lake on the west side. No. 1357 
appears to be composed of somewhat similar material as the above, but as it is very 
tine — the largest grains being not much over 0.1 millimeter — and entirely composed 
of angular fragments, the percentage of the dark-colored phenocrysts, or rather of 
fragments of phenocrysts, is comparatively small. This is particularly true of horn- 
blende, which is very scarce. On the other hand, glass fragments are very abundant. 
The nature of this sediment is not so well chai*acterized as to make certain whether or 
not andesitic material is largely mixed with the dacitic ash. 

The coarser ejectamenta which have been collected and submitted to the writer 
for investigation may be divided into three classes, viz, pumice, dark-colored secre- 
tions, light-colored grauophyric secretions. 
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PUMICE. 

No. 102. from the summit of Llao Rock, in an almost pure pumice of a pinkish- 
white color and extremely light ami porous. With a magnifying glass one can detei*t 
a very few gla^^isy plagioclase crystals, and also still fewer dark-colored pyroxene or 
hornblende phenocrysts, similar to the phenocrysts in the Llao Rock dacite. Under 
the microscope this rock presents the customary porous, pumiceous structure, with 
long drawn out gas pores: but the glass differs from the vitrophyric portions of the 
Llao Rock flow, in that the very characteristic rcxl-like augite microlites are almost 
entirely missing. A few phenocT3*st8 of plagioclase in crystals and crystal fragments 
are to be seen, also an occasional hypersthene and two or three minute brown horn- 
blende crystals. One of the plagioclase cr^'stals was seen to contain numerous 
incIo>ures of apatite and also several dark-brown glass inclusions, in one of which 
was an air bubble. No. 137 is a fragment of pumice collected from the same place, 
and differs only in being more discolored. It contains similar phenocrysts, and also 
brownish glass inclosures with gas bubbles in the plagioclase. This pumice evidently 
is of the same character as the dacite of Llao Rock. 

No. 138 is a specimen collected from a large fragment in the Pumice Desert, 
the north of Crater Lake. It has a brownish-yellow color and looks as though it 
i*ontained more or less clayey matter. It also has a f ragmental appearance as though 
it were a breci*iated rock composed mainly of pumice. It also contains a few small 
fragments that appear to be andesite. Plagioclase grains are very abundant in the 
hand specimen, but the thin section contains hardly any, as they have probably dis- 
appeared in the grinding. A very few minute hypersthene and augite crystals and 
one small fragment of reddish-brown hornblende were noted. 

In addition to this ordinary- pumice are also fragments of a distinctly pumiceous 
rock of light color in which are readily seen numerous black crystals, mostly horn- 
blende. These hornblende crvstals varv in size from one-fourth of an inch down- 
ward. Probably one-eighth of an inch in length is a fair average size. One of 
these fragments was collet^ted on the northeast rim of Crater Lake, east of Round 
Top, and another (146) from the siuumit of Red Cone, while two others were col- 
lected by the writer on the crater rim just south of Llao Rock (2011. a and 2013, 2 
of the private collection of H. B. Pattoc). The ferromagnesian minerals which are 
very conspicuous in the hand specimen are still more apparent in the thin section, 
as, indeed, are also the colorless plagioclase phenocrysts. The groundmass of these 
specimens does not appear to differ materially from that of the more typical pumice. 
It is a nearly pure glass, full of elongated air cavities and more or less stained with 
yellowish to brv>wnish ferritic matter. Only a few augite microlites and but little 
magnetite dust is to be seen. On the other hand all the minerals that have been 
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mentioned as occurring among the phenoerysts in the Crater Lake dacites and that 
are there sparingly developed are unusually numerous in these specimens. The 
minerals here included are plagioclase, hornblende, hypersthene, and augite All 
but the hornblende appear to occur in about the same sizes as in the dacites. In the 
case of plagioclase there is developed a very strong tendency to inclose comparatively 
large and irregularly lobed and more or less connected inclusions of very deep brown 
glass. These inclusions are not arranged around the margin in a well-defined zone, 
as is so frequently the case with the plagioclase phenocrysts of the andesites, but 
they are more evenly distributed throughout the crystal and produce a structure that 
may fairly be characterized as spongifomi. These spongiform plagioclases are b}^ no 
means as common or characteristic as they are in the dark-colored secretions whose 
descriptions follow; neither do all or even most of the plagioclase phenocrysts have 
these inclusions, but their appeamnce here is important as forming a link between 
the dacites and the inclusions in the same. Fracturing of the feldspars is very 
noticeable. 

Hypersthene and augite occur in the same forms and with the same general 
properties as in the dacites. Perhaps a stronger tendenc}'^ is to be noted toward 
rounding of the edges, particularly at the ends. Likewise inclusions of glass and 
especially of brown glass are more abundant. The most interesting mineral is horn- 
blende, whose abundance is increased relatively much more than is the case with the 
other phenocrysts. It also occurs in very much larger crystals than are to be seen 
in the dacites. Except for abundance and size, however, these hornblende crystals 
do not present any marked peculiarities. They show a strong tendency to develop 
the unit prism and the clinopinacoid, but the\' are usually broken into fragments like 
the plagioclase. In color they are similar to the hornblendes of the dacites. Green- 
ish brown predominates, but the more reddish colors are also to be seen, notably in 
No. 139. Magnetite occurs rather sparingly in these rocks in the form of distinct 
grains inclosed in the phenocrysts as well as scattered through the glass groundmass. 

DARK-COLORED SECRETIONS. 

These are found as ejected fragments together with pumice. They occur as 
extremely da\*k, almost black, very porous and rough feeling bombs, and contain a 
great abundance of black pyroxenes and black hornblende as well as of the glassy 
plagioclase. They have a wide distribution, as may be seen from the following list: 
No. 141 comes from the Pumice Desert to the north of Crater Lake; No. 142 from 
near the summit of Dutton Clitf to the south of the lake; No. 143 from the summit of 
Llao Rock; No. 145 is a fragment from a conglomerate that overlies a small sheet of 
dacite just above Grotto Cove; and 2011, b (private collection of the writer) forms 
part of a large bomb attiched to th(» ]>uniice spocinion, 2011. a, a))ove described. This 
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last was collected just south of Llao Rock. In spite of the dark color of the rock the 
ferromagnesian minerals are quite conspicuous. This is particularly true of No. 
2011. b, where hornblende is more abundant than in the other specimens and is recog- 
nized by means of the brilliantly flashing cleavages. This mineral occurs here in 
crystals that measure up to 10 millimeters in length and 2 to 3 millimeters in width. 

Under the microscope in thin section these rocks are seen to contain a very dark- 
brown, glassy groundmass that incloses but few augite microlites but is crowded with 
air cavities. In color and general appearance the groundmass closely resembles the 
glass inclusions to be seen on the plagioclase crystals of the hornblendic pumice 
above mentioned. It forms from one-third to one-half of the rock mass, the i-est 
being composed of phenocrysts and fragments of phenocrysts. 

The plagioclase crystals belong to the type described under the dacites as 
occurring in rather large, plump crystals, with numerous crystal faces. Rectang- 
ular sections are rare, so rare, in fact, that they are probably onh^ chance sec- 
tions of crystals of the type just mentioned. The plagioclase crystals show a strong 
tendency to assume idiomorphic forms except in so far as they occur in shattered 
fragments, but they are generally crowded with irregular brown glass inclusions 
so as to assume a thoroughly sponge-like appearance, similar to but much more 
pronounced than the spongiform crystals in some of the pumice fragments. These 
ramifying glass inclusions are not confined to the interior of the crystal, but 
come to the surface and often appear as embayments filled with brown glass 
exactly like and continuing the glass of the groundmass. Figs. A^ B^ and (J of 
PI. XVII are reproductions of some of these spongiform plagioclase crystals and 
give a fair idea of their appearance. The plagioclase is probably all basic, and, 
in some cases, demonstrably so. For instance, in No. 143 a honeycombed plagioclase 
cr^^stal, with zonal structure, and cut symmetrically to the plane of twinning gave 
an extinction angle of 47^ in the center and 37° at the margin. This indicates 
an extremely basic anorthite, more basic, in fact, than the most basic of the 
plagioclases whose extinction angles were measured in either the andesites or 
basalts of Crater Lake. Not all of the plagioclase crystals show polysynthetic 
twinning, but most of them show either this twinning or a zonal structure, and 
no reason was apparent for considering any of them to be orthoclase. They 
contain inclusions of ores, apatite, and hypersthene. 

The hornblende in these dark-colored secretions is partially idiomorphic and 
partially allotriomorphic, with the latter tendency decidedly the stronger; that is, 
crystal forms may be developed on part of a crystal while the rest has a v^ery 
irregular outline. The observed forms are the customary unit prism and clinopina- 
coid and flat terminal faces. The color is mostly like that of the greenish-brown 
hornblende of the dacites, and the absorption is b > C> a. The customary colors in 



PLATE XVII. 

THIN SECTIONS OK MINERAl-> IN SECRET10N> IN nAdTE. 

Fir.*. J. B. an«l *'. — Msurnine*! iv>|tN'tively 44). '2\ anil 1-^ iliaiuetr-r». All from Specimen No. 145. 
Fr ni d 'iark-oM'^r^l sei'TV^tion ;i!n<>n^ xhv •laoitic ejt\-uuiU'Uia. Sh«»w ^ptininfonD pUgiocla^e crystals 
i=.ol't?iajr dt?^|>-br»»wn cla^ similar t»» that «v»nij"Viini! tht- sTPiun-liiiasv. from a •lark-<H>loiv<i secretion 
Arzi-'Si! ihe •laoiiii- eitH-taiiifiita. .S-** j^ajie ll**^. 

Fig. p. — Magnitiei 1** •liainetor!*. Sj^ei^iinen N««. 144. Fn.»:ii a -lark-O'lMiv.i swrrvtiun among the 
isrliio ej«otim«:nta. Sh'^ws a jrraiu of hyj^r^thent- in«'li*?iiiir nuiiitTi.ins pla^riiX'las^ grains', and two 
irrv-ri'-ar £T:sdu< • f •'livine marker i 0. S^^ iiairv 11*9. 

F:-.-. £1 — Mafnitie«i -V^ «iianiet«*rs. Sfuvinun Ni». 14**. A ligiit-twloreil. eranophj-ric 8>ecretion 
a3i:-c£ the dai.-it:o ojivtameiita. Sh«.»w> crystals ••: j'lai:i«x"laA* with frinc^'S *A s|M.*ngiform aanidine 
^vcaiir.ing iQclu:sions *»i br».>»-n ^lai%> an«l rt*!-t'mV«liiiL: i:Tan'>:»hyrir intcrvrrou ths. Illustrates a saection 
i# seen in jK»!arize\i liirht with ri>«!S!^i niools, tht- i:l;t''> ai-ifariiij: Mai-k. Sre i^a^t* l:V». 

Fio. K — Miarniriol l«^ diametors. SjxHimen N«'. 14-. FV-iii a ilark-oMoiv*! s^*n?tion among the 
•.iaoirir e*e\'tamonta. Sl-.i^ws a larvt* i-ry-ital •n" V»niwr.i>h-i:rv«-n h»"»mMemle incl<::^ng i'rA~39ta]s of hyper- 
stheue = H. plagiiX*laA» = P, and niaimetite. S^t* page liS*. 
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thin section for rays vibmting i)arallol to the vertical axis is a deep ))rownish green 
to greenish brown, in accordance with the thickness of the section. The absorption 
and pleochroisui parallel to b arc almost i^xactly like that pamlli*! to JC, with the 
absorption usually a little stronger jiarallel to b than to jC. In No. 145 this mineral 
appears to be unusualh' scan^c and the color in niys vibmting jMirallel to jC a deep 
brownish red. Those* ])arallcl to b can not be determined in this section. In No. 
141 there is a i)<^culiar mingling of the reddish with the greenish-brown coloi*s. 
Most of the crystals belong to the greenish -brown variety, but others have both 
colors shading into each other on the sanu» crystal. This shading of colors occurs 
on perfectly fresh crystals. In fact, all the hornblende crystals in these specimens 
are absolutely fresh, and do not show any tendency to resorption or to the develop- 
ment of black borders. The extinction angle of the hornblende, as measured on 
cleavage fragments from No. 148, is 8- to the vertical axis- The optical axial plane 
lies in the plane of greatest and least absorption; that is, in the plane of the clino- 
pinacoid. A section of this minenil in No. 143 that gave a prism angle of 104", as 
measured by the trace of the prism fa(^es with the plane of the section, gave a 
bisectrix in the center of the tield. 

The hornblende of these secretions does not contain inclusions of glass, but 
it is verv" apt to contain inclusions of the other phenocrysts so as sometimes to be 
filled with them, somewhat after the manner of inclusions in the hornblende of the 
crystalline schists. Fig. F of PI. XVII gives one of these hornblende crystals 
containing inclusions of hypersthene, plagioclase, and magnetite. In other cases 
aiigite may be seen inclosed in hornblende. Thes(» minemls when thus inclosed 
may have idiomorphic forms, but they are more apt to be hypidiomorphic. At 
least their forms are not always so sharp as when they occur embedded in the 
glass' l>ase. 

Hornblende occurs in much larger crystals than do the other minerals. It is 
very fluctuating in quantity, being ver\' sparingly developed in No. 145, or at least 
in the thin section prepared from this specimen, and extremely abundant in No. 
2011b. Fig. B of PI. XVIII reproduces a portion of thin section of No. 2011b, 
showing the relative abundance of the hornblende. This is not a fair avenige of the 
whole section, ))ut shows the horn})lend(» somewhat more abundantlv than in the 
rest of the section. The crystal form is unusually shaq) in this rock. 

Hyi>ersthene is by no means so abundant as hornblende, nor does it occur in so 
large crystals. It is more inclined to idiomorphic forms, but it also shows a tend- 
ency to contain inclosures of other minerals. Fig. I) of PI. XVII gives a section of 
hypersthene from No. 144 containing inclosures of plagioclase and two irregular 
inclusions of olivine. This is exceptional. As a rule, hypersthene is older than pla- 
gioclase, and even in this case the irregular form of the plagioclase crystals indicates 

1)255— No. 3—02 D 
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that their |K»ruKl of formution did not greatly prtM-ede that of the hypersthene. The 
optieal properties of the hy|K*rstheiie are in no res|K»et different from what may Ik? 
seen in the hy|KM-sthen«»s of the <laeites. 

Olivine is to \h* found very sjxirin^ly develojK»d and always inelosi»d in either 
liyiKMNthem* or hornhlende. 

Aujrite is much less eounnon than hy|H»i>>thene. It has a pile-greenish ^'oior and 
hut little pliHH'hroism. it is younger than plagio<-las4> and hvjiersthene and older 
than hornblende. It oeeurs Inith in roundish grains and in fairly developed crystals 
similar to thost* in the daeites. 

The order of crystallization of the phen<K-rv*its of these sei'ivtions is in general 
as follows: 1, ores and ai>iitite: 2, olivine; :>, hyi)ei*sthene; 4, j)lagi(H*hise: 5, augite: 
•>• hornhlende. At times the ])lagiwlase apixnirs to change j)laci\s with hypei'sthene. 

That these dark-colonnl Ijomhs an* in reality secretions from the dacitic magma 
mav fairlv well 1h» established !>v the siiuilaritv of the mineral contents with the 
phen(K*rvsts of the dacites. This is more esi>ei'ially true of hornblende, which, with 
jK»ssibly one minor exception, is aK-^olutely foreign to the andesites as well as to the 
liasalts of Cniter I^ke, but which occurs with the same colors and other properties, 
althtuigh very s|xiringly, in nearly all the thin sections of dacites studied. That 
these fragments were erupted at the same time as the dacites is indicated by their 
iHvurring with the pumice of the dacites, and moiv imnuHiiately by the tinding of a 
)K>mb in the midst of the pumiceous dejx)sit south of Llao Rock consisting in j>art of 
pumi<*e and in jmrt of this l>lack, glassy. hornblendi<' rock. 

The chemicjil analysis of No. 14^^ will 1h* found on |iage 14<». In spite of the 
evident relationship of these dark-colored secretions to the dacites the analysis shows 
a markiHl diff»»nMuv. This is ^wirticularly notiivable in the large amount of lime and 
in the i'orivsiH>ndinir dt»crease in the alkalies. The analvsis, in fact, l»ears a close 
ivsoniblance to the analvst\*i i>f the more acid Inisalts Xos. 158 and 18t#. 

LUiHT-lX>LOREl> <iRAXOPHYKIC SECRETIONS. 

Thes** an* not to W considere<l secivtion> in the sens** that this term is frei|uently 
useil in desi-ribing tin* accunudations of older minerals that form dark-i'olored inclu- 
sions in igntH)us nn^ks, which is the sense in which the woi"d is used in describing 
alH>ve the dark-indonnl secivtions. Hut, nither, these light -colonxl se<*n*tions ap|xnir 
to ivpivsent Knal cry staUizjit ions or diffen^ntiations i»f the siime minerals that nrv to 
U* >een in the dacites in genenil, but so aggn^gjited together as to appear in totally 
diffeivnt structunil ivlationships. They have not lK*en found in pla<*e or inclosed in 
dacite, but t>nlv a** U>o-it» fniirment> or UmuIw t>n the surface. 

N«>. 14»» i^ :i >mall fnigment aUuit an inch Mpiaiv that formed \K\vt of a conglom- 
cnite ovcrlvinir the small dacii«» llow innucdiatelv alnne (irotto Cove. Two other 
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PLATE XVII I. 

THIN SECTIONS OF SECJRETIONS IN DACITE. 

Fi(i. .1. — Vitrophyric dacite and tHH'retion in the sanus innn J^lao RtMrk. Magnitied 48 diameters. 
Si)e(nmiM) No. 102. A pliotoniifTo^raph in whiu^ light. On the left in the dacite, consisting of a 
glass with a multitude of augite niicrolitc^fi. On the right is the secretion, composeclof a felt of plagio- 
('lane laths and slender prisms c»f reddi.sh-hrown hornblende, which appears nearly black in the figure. 
The interstices of this felt are tille<l with light-brown glass. The lack of a sharply defined line of 
junction lK»tween the nn^k an<l the secretion is characteristic. See pages 105 an<l 110. 

Fig. H. a photon licrrograph in white light. Magnified 20 diameters. Specimen No. 2011 b. 
illustraU's the abundance of reddish-brown liombleude in one of the dark-colored pecpetions. See 
page 129. 

Fi(i. (■. — A Iight-colore<l granophyric sei-retion from the dacitic ejectamenta. Magnified 20 diam- 
eters. Six^cimen No. 151. Shows a dark-itoloriMl bmwn glass and siM>ngifonn mantles of sanidine 
around plagioi^lasi*. Sih» jmge 18(J. 

Fi(i. Z>. — A photomicrograph in {Hilarizi^l light with crosscnl nicols. Magnified 8H diameters. 
Shows an enlarge<l poi-tion of fig. <\ giving an individual piagioi^lase grain with mantle of spongiform 
sanidine. The bhwk portions are glass. 

1.S2 
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fragments from this same conji^lomerate have already l)een described. These are No. 
13J*, a pumice fmgment containing much hornblende, and No. 145. on<» of the dark- 
colored secretions. This assoi'iation would suggest the sjim<* sourct* as that of the 
dark-colored secretions. In the hand s{x^cimen this appears to be a fairly coarse- 
grained, holocrystalline ro<*k of very light color and composed of a whitish, glassy 
appearing, gmnular aggregate dotted with small, dark-colored gmins. It is quite 
})rittle and crumbles in the lingers. In thin section the nwk is seen to consist mainly 
of plagiocljLse, which constitutes perhaps one-half of the whole or a little less, in 
addition to which there are hypersthene, augite, hornblende, and a very little biotite. 
All these ferromagnesian minerals together form but a small part of the whole. 
They are perhaps a littU* more abundant than is usual in the dacites of Crater I^ake, 
but not markedly so. The i*est of the rock forms a sort of groundmass either sur- 
rounding these older minerals or Jilling the spaces between them wherever the phe- 
nocrysts are close enough to touch each other. This groundmass consists in part of 
a deep brown and perfectly clear glass, but mainly of a beautifully sharp and char- 
acteristic granophyric or micropegmatitic intergrowth of quartz and sanidine. The 
presence of quartz could be demonstrated by ol)servations in convergent ix)larized 
light, id which it gives the positive uniaxial cross, as well as by the more readily 
observed properties characteristic of th(» mineral. In the case of sanidine the 
demonstration is not complete, but is based upon the following observations: It is 
perfectly clear and colorless and contains no inclusions except minute air cavities ; 
both the refractive power and the double refraction are less than in the adjacent 
quartz; its index of refraction is less than that of the surrounding balsam; in con- 
vergent polarized light it gives a !)iaxial image; it is entirely free from twinning 
striation or from zonal structure; this sanidine usually forms a mantle around the 
plagioclase crystals, so that either the outer part of the sanidine mantle is intergrown 
with quartz in granophyric fashion or, more usually, this gninophyric intergrowth 
begins close to the plagioclase edge, with little or no free mantle growth visil)le: the 
contrast between the plagioclase and the sanidine mantle is usually rather shai*p; the 
plagioclase very frequently shows no twinning stria*, })ut the concentric zonal 
structure is always visible, whereas the sanidine mantle is entireh' free from all 
twinning and extinguishes simultaneously. I^H'ke's method for determining the 

a 

index of refraction, as compared with that of Ciinada Imlsam. by f(K*using shaiply 
on the edge of a crystal in contact with balsam and then olwerving the movement of 
the white }>and upon raising or lowering the focus, was found very applicable in 
studying this sanidine mantle. Where a crystal of plagioi^lase was broken and in 
contac^t with balsam it was invariably found that the portion of the crystal that 
showed twinning or zonal structure* had a higher index of refmction than bals^im. 
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while the outer, uiitwinned, and unbanded portion was lower in refmetive power 
than balsam. The same method is eciually applieiible in this ease in distinguishing^ 
between sanidine and cjuartz. 

Whenever the (juartz or tho sanidine. comes in contact with the brown glass base 
it breaks up at thi* edge* into an irregularly lob(»d fringe, with the roundish lobes 
interwoven or intergrown with the glass in a way suggestive of the granophyrie 
intergrowths themselves. This interweaving of glass with the fringed edges of the 
crystals is so much mon* beautifully developed in other spiHiimens whose <lescription 
follows that a detiiiled description of this phenomenon will be postj^oned for the 
present. The quartz is not present c^xcept in thes(» gninophyric aggregates. It 
incloses air cavities similar to the sjinidine. 

The pIagi<M»lase in this rock d(M\s not have as shai*})ly developed forms as in the 
dacites. This is true even when the surrounding sanidine mantle is disregarded. 
Sections suitable for determining th(^ extinction angles were not found, but such 
extinction angles as were hoU»d indicate a basic plagioclase. This is further 
corroborated by the fact that the plagioclase even at the edge has an index of 
refraction greater than Canada balsam, i.e., greater than 1.540. A few indosures 
of brown glass with gas bubbles and also small apatite prisms were noted. . 

The ferromagnesian minei'als -all have poorly developed forms. Hypersthene 
and augite occur mostly in small prismatic grains, some singly, but more (ronmionly 
in more or less parallel arranged groups, together with magnetite and hornblende 
and with dark greenish-brown biotite. The hornblendt* has a greenish-brown color 
and o<*curs cpiite abundantly in longish granular or prismatic individuals. Biotite is 
sc^arce, but its presence is the more noteworthy as it appears to be entirely wanting 
in the daiMtes proper. 

The writer has not seen a full description of rocks similar to this, but Professor 
Rosenbusch" makes brief reference to several quite analogous occurrences in Iceland, 
the original descriptions of which are not at the time of preparing this paper 
a(*cessible to the writer. In these Icelandic^ rocks, which occur as inclosures in basalt 
and in loose fragments, are to b(» seen a similar mineral aggregation with plagioclase 
crystals surrounded with orthoclase mantles and granophyrie growths. 

Among the Crater Lake rocks collected in 1888 there are live specimens, Nos. 
147, 148, 14JK 150, and 151, which are labeled as being ejectexl volcanic frag- 
ments from the top of the divide between Sand Creek and Anna Creek, near the 
south rim of Oater Lake. These live specimens are closely analogous to No. 146, 
just described, and in one or two cases practically identical in all essential points. 
No. 149, for instance, is very light colored, distinctly granular, and very friable. 
It differs slightl}' in coloi, in that the feldspars have a distinctly pinkish color. 

'< Mikrcwkopische Physiographie, 'M\ edition. Vol. II, 1K96. p. 590. 
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and rather coarsol^^ doveloped gmnophyric aggregate. While these marginal 
growths around the plagioclasi* crN'stals may ))e seen around every individual 
plagioolase they do not necessarily entirely surround the crystal, nor does the 
fringing mantle hav(^ constant width. In this respect the mantle is very irregular 
and even erratic. As a^K)vo stated, the interweaving of the brown glass with the 
fringed sanidine gives almost exactly the impression of the granpphyric growth 
when seen in polarized light, ex(»ept that a portion of the intergrowing substance 
remains extinguished when the specimen is rotated. Even in white light this 
re,sem})lance to granoph^'ric growths is often pronounced whenever the glass has 
an unusually light color, and this is the case in those specimens in which the glass 
})a8e is not abundant (141^), or in which the section is unusually thin. Further, 
this resemblanci* is made still more marked by the fact that at times the glass 
that api>ears interwoven with the f(>ldspar tweaks up into rectangular or otherwise 
polygonal forms with more or less pamllel arrangement. Or, to express it in 
another way, the sanidine margin develops into a skeleton growth with the brown 
glass base tilling the interstices. The variations of structure that are produced in 
these marginal growths, owing to constantly varying amounts of glass and the 
consequent appearance and disappearance of real granophyric growths, fairly baffle 
description. It would require a large number of drawings or photographs to give 
a fair conception of these almost fantastic structures. An effort has been made 
to reproducH? some of the most striking effects in fig. ^of PI. XVII (p. 128), figs. C 
and 1) of PI. XVIII (p. 182), and figs. .1 and B of PI. XIX (p. 188). 

The amount of quartz present appears to be inversely proportional to the 
amount of glass base. Where nmch glass is present it is not inclined to form 
granoph^'ric growths but to occur in leather isolated, roundish, or irregular gi-ains. 
Although it may have very irregular outlines, it does not break up into lobes or 
fringes at contact with the glass, as does the sanidine, at least not to any marked 
extent. In the more thoroughly crystalline specimens and therefore more 
thoroughly gi'anophyric varieties, the quartz seldom occurs in separate grains. 
The sjinidine is not absolutely confined to the gmnophyric margins but also 
occurs very sparingly, as does the (juartz, in separate but irregularly fonned 



grains. 



Inclosures in the central portions of the plagiocjiase are not common. Glass ' 
inclusions appear to be entirely wanting, but not infrefjuently a crystal may 
contain small augite grains, or individual grains of magnetite or prisms of 
apatite. Minute air cavities, however, are very abundant, l)oth in the plagioclase 
and in the surrounding fringes of quartz and sanidine. 

It should, perhaps, be added that no additional reason can be given for the 
presence of sanidine* in these specimens than those already given in the description 
of No. 14«. 



/ 
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PLATK XIX. 

THIN Sr.mOXS Ot* BA>ALTS AM> of SECRinOXS IN DACTTE. 

F:« - . A . — Ijirh t-« "« • i» 'HE^ I irrin->j th yric ?i<-i -n*t ii.»n fn»ni t hr Ascitic ejet-Cainenta. Magnified 48 
:«rfs. ^j^v:::it-n N-«. l+v A |*h><t*>iiii<-n4rT:ii*h in mhitt- lisrht. Shr»ir9 ihe "i^vafTviKv i»C *ljtfk-bfowii 
fijfeft^. ;*(jk&r^<i'Idbi^. >i*'n;dtV>nii sinMin«-. i^inill^i ^•wins pri^in^. an«i ermios of hypersthene aiKl aueite. 

Fio. B. — Ii;rht-r'»*l»*rv*l smui^jthyrio s^'ivii«»n fnxu thr dftntk^ ejettamenta. Mjenitie«i SH liiam- 
r"er>. '^i^'i-ir.'^n N". Uv. A phftttmii-n^iniiih in whitt* lk;ht. Sh^iw-e * tiun^lle of foralk*! amuieiMl 
i-rt^cf »•! hy|vrsthrii^* and aiuiite. whi«'h *un n*-x W '\ii^iTk^uhfhr*\ rn»m <i«eh other in tlif ph<>t<j«rra|»h. 

Kii-. i\— Mduniinoi 4*^ •liamoterv. Sji^nnK-ii No. l^r>* (>nvate iT-ilkrrti** ttf H. B. Pttt^m*. A 
iKi- -I. iiii*'Tv^:Taij'!; in w h:t«- r.jrht. Shows thi^ iiitei^itial *«nKtU!v of si4iie •>! the banhsL Sei? i«ge i42. 

Fiii. P. — Rdbialt. Tiiiilvr I'mier. Maarr.in^^l 4S •iUnn^ters. Sjn^inien Ntx 16>x A iih«iti«iionv 
fnph ::i )» hire Msrht. lilusiraifs iht^ riu'MaN interstitial >inKturv *»i ?»*i>r mi the faftnlte. See Imi|^ 14V. 

1,^ 
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Hyporsthono and augito are tM)th very a})undant. Neither of them occur in 
the customary idiomorphic cry.stiils hut eith(»r in perfectly irregular fjmins or — 
which is generally the '•ase- in various shaped aggregators, or more es|)ecially 
in clusters or bunches of loosely aggregjited and imrallel-growing roundish and 
mther slender prismatic grains. Both of these minenils assume this same form 
and usually lK)th of them occur together in parallel growths. All conceivable 
variations may 1m» observed between isolated individuals of hypersthene or augite of 
th(^ shape just mentioned and panillel aggreg}it(»s of the same that contain hundreds 
of the small prismatic? gniins. Some idea of this occurrence may ))e derived 
from tig. B of PI. XIX. llyixM-sthene seems to 1m» the more abundant of the 
two. In color the hypersthene is not c^uite so dark as il is in the ordinary 
dacites of ('rater I^ake. Pleochroism. therefore*, can not n^adilv be seen in such 
se(*tions as are ni^cessjiry for propei* study of the aggregativs. The augite apix*ars 
almost colorless in thin section. With these two pyroxi^nes then* is constantly 
asscK'iated considemble magnetite, which occurs mostly in very minute grains 
inclosed in the* individual ])yroxene gniins or clustered with them in these 
bunches. 

The chemical analysis of No. 151 will be found on page 14(», together with the 
other chemical analyses. While somewhat more l)asic than are the dacites projx*r, 
the analysis of this spi^cimen will be scmmi to compare fairly closely with that of No. 
1 14. The (*xc(*ss of lime may perhaps ])e attriliutable to the abundance of the jnroxene. 
It can hardly be due to the n»lative abundance of the felds])ar, as the plagioc'hise 
present does not ap|M»ar to be particularly basic, and the sum of the* alkalies present 
is mther less than is the case with th(» dacite whose anal\'ses are given. 

In conclusion, w(» may sjiy that the absolute freshn(\ss of these specimens would 
seem to pn^cluch* th(» possil)ility of a secondary origin for th(» gnmophyric growths. 

skckf:ti()Ns with hasalt-like stuixtikk. 

In addition to the above -descri})ed secretions then* remains a specimen collected 
in the bottom of th(» Sun Creek Canyon and already mentioned on page 128, that can 
not l)e chtssitied with any of these varieties. The specimen in <|uestion (128) hjis 
a gmyish color and is mther tine grained, but is distinctly granular and porous. In 
thin section the structure appears at tirst glance to be distinctly basalti<*. with dark- 
brown glass in the angular interstices formed by the inters(*ctions of rathcM* short, 
thick-set plagioclase laths. Both hypersthene and augite al)ound and occur in irreg- 
ular gmins not dissimilar to th(» basaltic pyroxenes, also in long, slender, prismatic 
forms. In addition to these minerals, hornblende in dark reddish-brown grains and 
prisms is quite a))undant, and Hiagn<»tite in occasional l)lack gmins. ()(rasionally a 
plagioi'Iase or hyi)ersth(»ne crystal assumes somewhat largcM* form and appears in the 
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rolo (if a phoiMK-rvsl. Whjit :i|>|M'ais to he dark-hrown yflass inclosing slender aujfiti' 
iiii('r<)lit(»s and Hllinjr tin* interstice.^ l»etw(M»n the phi^ioelase hith.s is st»en in ]>ohirize<i 
lijjfht to he snialL spheriilitic erv.stallizations. In s|)ite of the ^eneml strurture thi.*< 
HM'k is (juite different from any of the ('nit(»r Lake* hitsalts. It« asscK^ation with 
daeites and the presence of ahiiiuhmt hornhhMide, as well as the spherulitic hase, hnid 
to the conclusion that this is in reality a se(*retion in a dacitic magma. 

An inclii.sion in a dacite dike Iwdow Llao Iio<*k, descril>ed on paj^ 122, is con- 
sid(»rcKl to 1k» a .similar <)ccurrenc(». 

CHEMICAL ANALYSES OF DACITES. 

Tht» followinjr analysers were made in the lalnmitory of the United States 
(i(»oloirical Siirv(»v: 

[AliJilyws by H. N. Stok****.] 
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No. 102. IIyiH;rHthene-<latuto, vitrophyrio tyjK?, nniith i^\^v of Llao K<K^k fl<»w. See jwige HHi. 

No. 118. Lithoidal liyjierHthcMHMlai'ite, water'H wl^e, head of Cleetwocwl 0<ive. Set* i>age li;{. 

No. 114. Streaked, vitrophyric !iyj)erHthene-<iacite, near Winegla«j, (irott<» Cove, on the east nide 

of the lake. See page 114. 

No. VM). nyi)er»theiie-<laciU\ lithoidal ty|K', from a nnialhlike that ciit.»< the older Hows iiniiie<li- 
atelv l)elow Llao R<H'k. 

No. 148. A dark-colonel HiM-retion foun<l among the dai'^itic eje<*tainenta. Set* page 1.'^). 

No. 151. A light-colortnl Htntretion found among the dacitie ejeetamenta. Sih' |>age 18*.). 

JJA8AI/rS. 

As will }k> seen by roii.sultinj^ the map the basalts of C'rator Lake comprise only 
the later volcanie eruptive masses that form the various eones, mounds, and flatter 
lava sheets to the north, west, and south of the lake. No basalts whatever are found 
in the walls of the crater or in the dikes cutting them. Nor are they to be seen on 
the immediate outer slope of the ci'ater. 

In the great majority of cases the basalts bear a vei-y close resemblance to many 
of the andesites, and sometimes can not surely be distinguished tis liasalts. In not a 
few cuses, however, typicuUy developed basaltic structures are to be noted. This 
type will l)e considered first. 

INTERSTITIAL BASALTS. 

This ty])e of basalt is represented by four specimens (152, 153, 154, 155) taken 
from the hill that rises 51M) to t)<M) feet above the level of the plain of Diamond Ijake, 
in the extreme northwest corner of the Crater Lake area; also by two specimens 
from the lava flow at the east base of Red Cone, al)out li miles northwest of Llao 
Rock on the cmter rim (156. 157); also by four specimens taken from different pltues 
in the basaltic area west of Anna Creek in the extreme southwe.stern corner of the 
region mapped (158, 151), 160, 161). 

These rocrks are all rather light colored, of a grayish to brownish tint, and 
contain occasionally a few cavities, but an* never really scoriaceous. The gmins 
are remarkablv uniform and are nither dense, but not extremelv so. Tnder the lens 
they appear holocrvstalline and disclose occasionally' greenish to reddish olivine 
gi'ains and likewise greenish grains of hyi>erslhene. Both olivine and hypersthene 
have a distinctlv resinous luster. 

An absolutelv liolocrvstalline stiucture can onlv occasionallv be made out under 
the microscope (15r), 152), l)ut in all cases a glttss bast* plays a very sulK)rdinate r61e. 
The structure is dominated by th(* feldspars. whi<'h occur in mostly very distinct lath- 
sha|KHl forms, while the augite is larg<dy confined to th(» more or less angular spacers 
})etween t\\v feldspar laths, after the manner of a niesostasis. This striK'ture may Im* 
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ivniie^l intt'rstitiaMKM'*i'nliii>ch'«* ••iiiterM»rtalo >truktiir"). Thi* nx-k.s in quostion. 
howi'ver, an* t«M» il«H;iili»dly ffld>|nithir to ijrivt' typk-ally intiTstitial stnirtures. In one 
• »rtwo «'a>e> thry n^^iuiu' a nearly hy|)i<Honi<>ii)hir (15H) and in others a |x>rphyritu* 
^tnii-tiin*. Th«.* |Hirpliyriti<* <l«*v»'lo])ni»»iit, Imwevor, is csiui^ckI by the iKX-urrence of 
phfnvNTy>ts of oliviiH* anri liy|MU*^thfnr. and rarely of au^te or pla^i(x*la.^e. 

MINKKAI. roMI1»NENTS. 

FKLI*^l'.\l:. 

Thf ff|ii««|i;ir i^ ♦•ntirfly plaj;ri<H-htM*. wliirh. on aecount of it> jjrreat ahuiidanee. 
•loininatf^ the ^tnirtiirr of th** pn-W. It lia^ tin* rather long* lath fonn i*oninion to 
1ia.>alt> nf thi-i «la*»^. In nio*»t rasf^ tht* lath- are rather irrejriilar in outline, l>iit 
wliiTr a ;rla*»*» ^niM* i> nion- in evidrnrr, as is u>iially the case, the edge of these latli 
fornix may U* qiiitf ^harp. In ^iwU m-^v^ the ends are rut off S4|uarely. as thoui^ii 
hy a pinar(»i<l;il fao*. \Vlirn*vt»r thi* ai>s*Mire of a jrlass Ittse prevents the free devel- 
opuif-nt of thf ifrniinal fa(»*> lh«' lonjr >ide> of the laths an* more |>erfeetly foruieil 
than an^ thi* vud^. Tln*ir KMijrth i-* u*»uailv several times their width. The tfeneral 
"•hajx* of th»'>t* plairi«H'lasi» rry>tals is tabular, it-* tht» ^^juare eii>ss seetions so eharac- 
t»'ri*»tir of plairi<M-last> in niierolitic fonn are <*on**picuously absent. The different 

thin Mvtitin** ai tlu**»e Inisilt-* i)n'M»nt not a little variety in the >ize and uniformity 

1 . . 

«»f the f»'KU|iar^ in the >anif >|><vinM'n. No. li»l will serve to illustrate one in 
which the frlds|xir< are unusually uniform in >izc. Their ayerajre length is 0.:i milli- 
meter. Nos. l.^l' and loT *ih<»w murh greater variation in the size of the felds|Mirs. 
tho>i* of No. i;>7 havinjr an aveniire lenjrth of o.:-; millimeter, with a maximtun of 
«».7 millimeter and a minimum of iM millimeter: th»* feldspsirs of No. 15s have an 
avenige of o. l."» millimeter with a maxinuun of o.8 millimeter and a minimum olM.m 
millimeter. Most of the pIagi«Hla>e 1ath*» dis^'lose ^haq)ly defined |x>lysynthetii' 
twinning, the smaller and more >lendt»r laths having two or three and the larger ones 
half a dozen ov more >trij>t^s. In eaeli thin M^tii^n. however, there are not a few 
individual that do not ap^>«'ar to U» twiiuied. There i> no giKxl reason to infer that 
any of thest* reproent a monodinic feld>i»ar. rsually >uch untwinned iiKlividual.s 
have nmch brouder fornix, sueh a*» one would »*x|Hvt to M-e in a tabular plagioi*la.se 
cut iKirallel to the large^^t face. The ^up|Hk^itioii that this i*» thet-ase is strengthened 
by the frequent ap|H*aninco oi well-detintHl cleavage cracks that corre5*|K>nd in direr- 
tii»n to the basjil cleavage of plagi^vlas*'. The>e largi^r apparently untwinned sec- 
iiou^ not infreouentlv aUo billow a well-detined zonal structun*. which structure may 
also be Mvn at lime^ on the larirer crystal irntin> that an^ cut so as to show the 
twinning. .\^ i^ genenilly the ca>e in zonal plagi«M*la>e> the zonal lianding is liest 
^een i»n the i^nirhvpinai-oid. The extinction aui^lo obsiTveil indicate a ven* Ijasic 
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plagioclaso, imiiiely, jinorthite. Measurements made on seetions at right angles to 
the brachypinaeoid — that is, on sections that ^ive equal extinction angles to the right 
and to the left of the trace of the twinning plane — gave maximum angles varying 
between 30' and 3H^ (the last-named angle was observed in No. 15:i). These meas- 
urements were made on crystals of different sizes, not only on the largest ones. In 
cases where the individuals were too small to allow one to determine the direction of 
cutting the very large extinction angles connuonly obtained also point to a very 
basic feldspar. 

With the exception of an occasional apatite needle and a littU* black dust, these 
feldspars are free from inclosures. An exception to this statement may, perhaps, 
be taken in that where the dust is conspicuous there is not unlikely also a small 
amount of gUuss inclosing it. Part of this l)lack dust appears to be opa([ue and may 
be considered to be magnetite, but other ])articles, when highly niagniti(*d, lose their 
apparent oi)acity as well as their blackness. These last are undoubtedly glo))ulitic 
matter. Such dust-laden glass is (juite similar to the small amount of glass l)ase that 
at times may unmistakably be det(»cted between the plagioclase laths of these and of 
other basalts of this region. In a few cases (155) a small number of somewhat larger 
and thicker ])lagioclase crystals are to })e seen that may possibly be considered as 
phenocrysts and as l>elonging to an older generation, but they bear little resemblance 
to the more characteristic ])henoci'ysts of the andesitic bitsalts described further on 
in these pages. 

ATGITE. 

Augite is abundant, but is invariably nuich less so than plagioclase. It a])pears 
in thin section in j)ale-greenish or yellowish-green colors, and nearly always in small 
angular grains filling the spaces lietween the feldspar laths. Occasionalexceptions 
to this rule may be mentioned (158) where the augite assumes in part roughly pris- 
matic form, resembling that of the hypersthentvs. It is invariably younger than the 
plagioclase and also younger than the hypersthene. In a few cases (15H-157) con- 
tiguous or adjacent grains have simultaneous extinction, and develop into an ophitic 
structure through partially inclosed plagio<'htse laths. Augite is usually nuich more 
abundant than hypersthene, although it may become less so (152). As a genenil 
thing the augite is perfectly fresh, but brownish to deep-red iron oxide stains are 
coumion. 

HYPKKSTHENE 

Ilj^persthene is a charact(»ristic but not always abundant constituent of these 
basjilts. It is verv fiuctuatin*^ in amount. Although it mav be more abundant than 
augite. as alM)ve noted (152), it is gcMierally not so abundantly n»presented, and in one* 
case appears to be entirely absent (U>1). It occurs almost invariably in small, fairly 
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well-doliiiod ])n.sin.s that jire two or three times as long as wide. In the more di»- 
tiiu'tly holocrystalliiie varieties this mineral is almost gmnular, the priHmatic habit 
\mug very roughly developed. On the other hand, where the structure is less erys- 
tiillineand th(» j^lass liase distinctly recognizable, the chamcteristic habit of hypersthenc 
can re^idily be made out. In such cases the fonns are })rachypinacoid and macro- 
pinacoid with subordinate prism, terminated by a flat pymujid. In color and pleo- 
chroism thev exactiv resembh* the hviKM-sthenes of the andesites. In the verv thin 
sections, however, necessary for the study of these nither tine-gmined rocks, it is not 
easy always to distinguish between augite and hy]:>ersthene. In such cases the gen- 
eral form, parallel extinction, and lower double refraction are usually sufficient. In 
the finer gniined specimens the hy])ersthene does not differ greatly from the plagio- 
clase laths in size, iKMng perhaps, on the avemge, somewhat smaller; in the coarser 
rocks they are apt to be decidedly smallei- than the feldspar laths. They are nearly 
fr(»e from inclosur(\s, magnetite octahedrons and an occasional apatite prism l>eing 
the only observed exceptions. As stated above, they are older than the augite 
grains, and s(»em also in most cases to l)e older than the plagioclase. 

Parallelism of growth })etween augite and hypersthenc is a common occurrence. 
This is more noticeable in the basalts that are jxwr in augite. In 8U<^h imrallel 
growths the augite invariably apix»ars as a slender strip on each side of a prismatic 
hypersthenc* prism, the two strips on the opposite sides of the crystal extinguishing 
togethei*. Very mrely may augit(^ l)e seen on the end of a hypersthenc crystal. It 
is worthy of note that this parallelism of growth between these two pyroxenes is not 
universal, that is, not all of the hypersthenes in any one thin section are thus Iwrdered 
by augite. 

iH.lVIXK. 

Olivine is a constant but very fluctuating ingredient. It ap|)ears to be par- 
ticularly abundant in those rocks where hypersthenc is either missing or at least 
not abundant. No. 157 well illustmtes this fact. It is a nearly holocrystalline 
basalt, with abundant augite and olivine, but with only two or three hypersthenc 
individuals visil)le in a thin section. The olivine apj)ears either colorless or slightly 
yellow, but it is freiiuently stained blood red along the iri*egular cleavage cracks. 
In a few cases a slight s(M*pentinization has started in. The olivine occurs usually 
in gninular form or in clusters of gniins and only exceptionally in roughly defined 
crystals. It is tin* largest constituent of these Imsalts and is the only one that may 
be classed us a plnMiocryst. In No. 152 the olivine ap[)eai*s to have suffered to some 
extent from magn.utic resorption. This is indicated by a l)order of o{)aque ore 
gmins. This bhu-k luunler does not (UTur on all individuals. It is best seen on the 
smaller onivs. It nmy oc<'ur on one end of a crystal and Ik» missing on the other 
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end. A few of the smaller crystals show only a core of unaltered olivine while the 
greater part of the crystal has been thus altered. In this specimen the small 
individuals of olivine are unusually well defined and show quite distinctly the crystal 
shape. In such cases the granular mjiss of ore has retained the original crystal form 
of the olivine. The olivines show occasional inclosure^s of magnetite and also once 
in a while of brown glass. 

MAGNETITE. 

Magnetite is not present in very great abundance. It occurs in the customary 
grains and small octahedral crystals scattered throughout the rock and inclosed in 
all the other ingredients. It varies considerably both in amount and in the size of 
the individual crystals, but it never assumes the importance that is ordinarily 
expected in basalts. It also occurs, as described below, in the form of fine dust 
impregnating the interstitial glass. 

As already mentioned, the glass base of the^e basalts varies somewhat in amounts 
It is never very conspicuous, and it vanishes almost entirely at times. In a number 
of cases the glass can not actually be seen, but ifcj presence is probably indicated 
by the occurrence of black dust, which is probably magnetite and globulitic matter, 
and which occurs either in separate but very minute grains that are too small to 
measure or in very minute rod-like or trichitic-like growths. Apparently these 
opaque particles are inclosed in the feldspars, but as they are to be seen mostly at 
the junction of the plagioclase laths it is more likely that they are really embedded 
in a very thin film of glass. None of the specimens above described is entirely 
free from this black powder. 

This intei-stitial structure is brought out in fig. C of PI. XIX (p. 138). 

The chemical analysis of No. 158 will be found with the anal^'ses of other 
basalts from Crater Lake on page 161. Although this is as typical an example 
of basalt as may be found around Crater Lake, the analysis indicates a rock 
closely allied to the andesites. It is distinctly more acid than is the olivine-bearing 
basalt (173), a description of which may be found on page 155. 

A partial analysis of another interstitial basalt (162) was carried out in the 
chemical laboratory of the Colorado State School of Mines by Prof. R. N. Hartman. 
This analysis gave Si02=55.18 per cent. It would seem, therefore, from these two 
analyses that the interstitial basalts of Crater Lake have unusually high percentages 
of silica. 

HYFERSTHENE, APATITE, AND PSEUDOBROOKITE CRYSTALS IN BASALT. 

In a specimen of basalt of this type collected on the east base of Red Cone 
(156) occur numerous flattish cavities that measure from one-quarter to one-half 
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inch in greatest diameter. ThevSe cavities are lined with minute crystals of four 
different kinds; first, hypersthene: second, pseudobrookite; third, apatite; fourth, 
unknown white mineral. 

The crystals of hypersthene occur in very brilliant though minute tablets, 
transparent, and of a fine deep-brown color. When examined under the micro- 
scope these crystals give the properties of hypersthene as seen in section parallel 
to the brachypinacoid. Pleochroism is marked with greenish color in the direction 
of the vertical axis and a decided brown at right angles to this direction. The 
extinction is parallel and the vertical axis the direction of least elasticity. No 
optical image cun be obtained on the large crystal face. 

Owing to the extreme brilliancy of these hypersthene crystals and to the fact 
that they appeared to present interesting crystal fonns, pieces of the rock containing 
these cavities were sent to Dr. C. Palache, of Harvard University, for further iden- 
tification and measurement. The writer is extremely indebted to Dr. Palache 
for working out the forms of these crystals as well as for the identification and 
measurement of the pseudobrookite crystals. The result of this painstaking work 
is given below. As will be seen by comparing his measurements the supposition 
that these brown, pleochroic tablets are hypersthene is abundantly proved. 

The cavities also contain a very few black and not well-defined crystals which, 
under the microscope, appear to have a deep reddish-brown color and to show 
no pleochroism. Although the writer is not certain that these black crystals are 
the same as those identified by Dr. Palache as pseudobrookite, the probability is 
in favor of that supposition. 

APATITE CRYHTALB. 

Apatite occurs in very delicate, minute, slender needles. The identification 
as apatite rests upon the needle form and the fact that they possess very low 
double refi'action and have parallel extinction with negative extension. 

The unknown white crystals occur in abundant, roundish forms which, when 
broken, are seen to be aggregates. It is possible that they are tridymite, with 
which they have some resemblance, but this could not be proved. 

Below is submitted the report on hypersthene and pseudobrookite crystals by 
Dr. C. Palache. 

HYPERSTHENE CRYSTALS. « 

The hypi»rsthone is in the form of minute tabular crystals, 0.5 to 0.75 millimeter 
in length, 0.3 to 0.5 millimeter in breadth, and about 0.1 millimeter in thickness. 
They are always attached to the walU of the cavity by an edge in such manner that 
double terminations never occur. The faces are bright and sparkling except 
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a, 100, which 18 sometimes striated parallel to the vertical direction; but on account 
of their minute size the reflections are dim, and the readings, therefore, subject to 
considerable variations. 

The observed forms (position of Groth, a: b: c= 1.0308: 1: 0.5885) were as 
follows: 

(I, 100 «, 210 V, 121 
b, 010 w, 310 f/, 322 
m, 110 Jt, 102 

The most frequent combination of these forms is shown in fig. / of PI. XIV 
(p. 76), which is an exact reproduction of the figure given by Schmidt^ for the 
hypersthene fi'om Mdlnas, Hungary.* 

I:, 102, also found on the Malnas crystals, was found only on a single crystal 
shown in tig. J oi PI. XIV, and the same was true of n, 210, a single narrow face not 
shown in the drawing, w. 310 was observed on several crystals and measured on 
two. This form was first observed by Fouqu^ on hypersthene from Santorin,*^ but 
he did not indicate it as new and gave no measurements. It has therefore been 
rejected in most of the recent lists of hN^persthene forms, but appears to have been 
confirmed by the present measurements. 



Measured. 



Calculated. 



<P 



P 



m, 110 44 12 

I 

?i, 210 1 62 46 

w^ 310 ! 71 24 

A, 102 [ 90 00 

1, 121 j 25 55 

t/, 322 i 56 27 



o / 

90 00 

iK) 00 

90 00 

15 55 

52 34 

46 06 



<P 



o / 

44 07 

62 44 

71 02 

90 00 

25 52 

55 30 



o / 

iX) 00 

90 00 

90 00 

15 56 

52 36 

46 06 



Number 
of read- 
ings. 



5 
1 
5 
2 
3 
2 



PHEU DO BROOK ITE CRYSTALS.^ 

Accompanying the hypersthene in a single cavity were several slender, needle- 
like crystiils, having a lirilliant metallic luster. Their appeamnf^p and the associa- 
tion in which they occurred recalled the description of pseudol)rookite as found in 
the hypersthene-andesite of Aranyer Berg, Hungary;'' and, notwithstanding the 
minute size of the crystals, it was found possible to obtain approximate measure- 
ments from two of them, which seem to confirm this determination. 



«Zeit. fiir Kryst., Vol. X. 18S5, p. 210. 

fcThi.M figure is piven by Dana. p. 349. fig- '^> ^>ut with incorrt'ct lettering. With the axes there adopted, the letters 
a and b on the two pinacoid.M should be inten;hanged. 
cRvlW. Soc. niin. Francrr, Vol. I. 1H7s, ]>. 47. 
rfThc deseriptioFi here given is the work of Dr. (.'. Palaohe. 
♦• Among others. Traube. Zeit. fiir Kryst., Vol. XX, 1^91, p. 327. 
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The foruis found are shown in tig. Koi Pi. XIV (p. 76) and in the following 
table, together with the measurements: 



Measured. 



Calculated. 



(P 



o / o / 

<i,100 90 (X) 90 00 

^010 00 00 90 00 

w,210 6:^ 42 , 90 00 

/,110 46 00 90 00 

^103 JK) 00 20 57 



<P 

o / 

90 00 

00 00 

63 45 

45 23 

90 00 



o / 

90 00 

90 00 

90 00 

90 00 

20 53 



Number 
of read- 
ings. 



4 
4 
6 
3 
2 



The faces of the pinacoids, a and h, were bright, but the prisms were deeply 
striated and gave very poor reflections. 

The position here adopted is that originally proposed by Koch * and retained by 
Schmidt, TmulK\ and Groth. With Dana and Goldschmidt the axes b and c are 
interchanged. The former seems the more natural choice, in view of the pronounced 
prismatic habit of the crystiils and since the chemical relations of pseudobrookite 
to brookite do not seem to bear out the apparent form relations between the two 
minerals which it was the purpose of the altered position to express. 

FLUmAL-INTERSTITIAL BASALTS. 

In at least two instiinces (152 and 155) the above-described interstitial basalts 
disclose a de<*ided tendency toward a fluidal arrangement of the plagioi^lase laths, and 
thus present a tmnsition stage U>tween the more typiniUy developed interstitial 
Imsalts and what mav l>e termed basalts with a fluidal-interstitial structure. This 
last-nanunl tyi^n* is well. iUustrated by four specimens, three of which (162, 163, and 
164) were colle<*ted in different jwrts of the Imsiiltic an»a to the southwest of Crater 
I^ake, ivom which most of the intei*stitial l)asalts came, and the fourth (165) from 
a widely sepiinited station, namely, from the southwest slope of Timber Crater, 
situattni alnnit 4 miles to the northeast of the lake. 

These riH'ks consist of plagiiH*lase, augite, hy]>ersthene, and magnetite with 
almov^t wo olivine. Cilass is also undoubttnlly present, but certainly not in large 
amount. The fluidal structuiv is due mainly ti> the fact that the plagioclase appears 
in very long and slender lath form, and to the further fact that these feldspar laths 
have a very marked jianiUelism of arrangement. The structui'e is indeed quite sug- 
gt^stive of the fluiilally arranged stuiidine laths in trachytes and luauy rhyolites. 
These plagioclasi* laths an* quite sharp in i>utline, or, at least, this may be said to be 
true of the sides of the iTystals. They aiv many times as long as wide, and have 

• A K»vh. Min. Milth., \\»J. 1. ISTS. n» ?? ami 344. 
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an average size of about 0.1 to 0.2 millimeter. The fluidal structure is further 
accentuated by the fact that the hypersthene and to a considerable extent also the 
augite occur in rather slender prisms, which are likewise arranged parallel to the 
feldspars. Hypei*sthene is distinctly the dominating pyroxene, being usually much 
more abundant than augite. It occurs only in prismatic fonn in crystals that measure 
usually about 0.02 to 0.05 millimeter in length, and about one-third that amount in 
width. Occasionally somewhat larger individuals may be seen, but, as a general 
thing, their size is very uniform. They inclose small grains and octahedral crystals 
of magnetite. The augite is to be seen both in gmins and in minute prisms, almost 
identical in size and appearance with the hypersthene prisms. In fact, in white light 
it is almost impossible to distinguish between the two, as in color, size, shape, and 
inclosures they resemble each other. Even the pleochroism can hardly be used as 
a means for distinguishing these two pyroxenes, because of the necessarily thin sec- 
tions required for the proper study of such fine-grained basalts. In polarized light, 
however, the distinction is not difficult. Parallelism of growth between hypersthene 
and augite ma}- be observed exactly as in the above-described rocks, the augite 
appearing in the thin section as slender parallel strips on each side of the 
hypersthene. 

The fluidal interstitial structure is shown in fig. D of PL XIX (p. 138). 

The almost complete absence of olivine in the basalts in which hypersthene is 
unusuall}' abundant is a further corroboration of the frequently noticed fact that 
the development of olivine in a basalt is not so much dependent on the chemical 
composition as upon the conditions of solidification. Irrespective of the fact that the 
amount of olivine in these and in the more typically developed interstitial basalts 
appeai-s to vary inversely with the development of hypersthene, it may be remarked 
that the small amount of olivine present in all these basalts falls in line with the 
remark of Professor Rosenbusch,'' to the effect that olivine occurs most sparingly in 
the basalts of a hypidiomorphic or of a doleritic type. The basalts under discussion, 
although hardl}^ to be called typically doleritic, are at least more allied to that type 
than to anv other. 

In No. 1^)3 are to be seen minute, rod-like microlites of a deep reddish-brown 
color and almost opaque. In size they measure on the average 0.01 millimeter long 
and 0.001 millimeter wide. They resemble rutile, but do not give the brilliant 
polarization colors characteristic of such minute crystals of that mineral. In fact, 
it could not be shown that they aflfected polarized light at all. They have not been 
noticed in the other basalts. 

These fluidal-interstitial basalts, when compared to those already described in these 
pages as interstitial, are closely allied to those occurring in the northwest corner of 

aMlkioskopiache Physiographie. 8d edition, Vol. II, 1896, p. 998. 
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the Crater Lake area, and more especially to Nos. 152 and 155. No. 164 shows the 
tluidal structure much less perfectly developed than do the other three and may be 
considered as intermediate l)etween the two types. No. 166 was collected at the same 
plaice as No. 164 and is probably a locally differentiated variety. It could hardly te 
classed here if taken by itself. The plagioi^lase is much less abundant and occurs in 
somewhat larger slender laths, that lie in all directions but are not abundant enough 
to interfere with each other to any great extent. The bulk of the rock consists of a 
feldspathic paste thickly crowded with extremely minute pyroxene prisms and with 
oi'tahedral cr^'stals of magnetite. Both augite and hypersthene are represented, but 
it is impossible to detenuine in what proportion. 

These two types of basalt are, then, very closely linked together, and the 
transitions Ix^tween the diffen»nt specimens collected are much closer than are the 
transitions between these and the porphyritic basalts whose description follows, and 
still more plainly is this true as compared with the basaltic-looking andesite^ of this 
same region. The fort^e of this statement will better be appreciated in connection 
with the comparison made below with the so-called h^^rsthene-andesite from 
Franklin Hill, Plumas Countv, Cal. We have seen that manv of the basalts and 
andesites of Crater Lake i*an with diflSculty be distinguished from each other, but 
this i*an not l>e said of the above-described interstitial and fluidal-interstitial basalts. 
The more marked characteristics of these rocks for purposes of comparison with the 
andesites is the almost complete absence of porphyritic development- This is seen 
both in the scanty development of phenocrysts and in the lack of a younger 
generation of the mineral ingredients. 

These tluidal-interstitial Iwisalt** (especially No. 162) bear a close resemblance 
to a rock from Franklin Hill, Plumas Countv, Oal., which is brieflv mentioned 
by Mr. H. W. Turner in the Bidwell Bar folio." In his article on The Age and 
Succesision of the Igneous Rocks of the Sierra Nevada * he calls it a hypersthene- 
andesite, and describes it as follows: 

'*In the area of the Downieville and Bidwell Bar atlas sheets are numerous 
bodies of a dense fine-grained gray lava, which usually weathers with a slaty fracture, 
the apparent cleavage Ix^ing often vertit^al. The rock is composed of plagioc'ase, 
augite, a slightly pleiKhroic rhombic pyroxene, and grains of magnetite. The 
feldspar, augite, and rhombic pyroxene are in the form of minute elongated prisms 
or laths, and this is true of -the rock at widely separated localities, and the laths of 
all are nearly of the siime size. Alxmt half a gram of No. 661, powdered and treated 
with HCl bv GeorjTt* Stoigvr, vielded no gelatinous silica, but nevertheless there 
appears to W s<.>me glass present." 

Thn^ugh the kindness of Mr. Dillor the writer was enabled to make a 
studv of a thin sivtion of Ni>. 661, reforretl to alH>ve. The resemblance oetween 
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the rock which Turner calls a h3'persthene-andesite and those just described from 
Crater Lake is even closer than might be inferred from the above-quoted description. 
The diflferences are rather in the size of tlie f^rain than in more important matters. 
One sees the same delicate, uniform prisms of rhombic pyroxene and of augite, 
the same slender feldspar laths, and, locally developed, in the thin section the same 
pamllelism of structure. In the California rock the pyroxenes are somewhat larger 
and therefore more plainly developed. Mr. Turner also gives in the same paper a 
partial chemical analysis, as follows: 

Partial chemical analysis of hypersthene-andesite from Franklin Hill., Plumas County ^ Cal. 



661. S.N. 



SiO,. 
CaO. 
K,0. 
Na.,0 



56.90 
7.83 
1.37 
3.24 



This analysis alone certainly seems to justify Mr. Turner in calling the rock 
he describes an andesite, but upon close inspection it will be seen that the analysis 
is reallv that of a rock intermediate between a basalt and an andesite. As far as 
the silica alone is concerned the amount is more suggestiv-e of a hypersthene-andesite 
than of a basalt. But the percentage is only a little over 1 higher than that given 
for a basalt glass (tach^lite) from Sfisebuhl, near Dransfeld, Hanover.^ Furthermore, 
Mr. Diller has published a list of chemical analyses of quartz-basalts from Cinder 
Cone, northeast of Lassen Peak, California,'^ in which silica runs as high or higher — 
in one case three-quarters of 1 per cent higher — than that given for the Franklin 
Hill andesite. Inasmuch as Mr. Iddings has fairly demonstrated^ that the presence 
of primary quartz in basalts is not due to the excessive amount of silica present 
in the magma, it may well be claimed that the rock from Franklin Hill is not 
necessarilv too acid for a basalt. 

When the lime, potash, and soda in this rock are taken into account it would 
be impossible to distinguish as to whether the rock were a basalt or an andesite, 
for it would be easy to cite analyses of both rocks in which these substances are 
present in almost the exact relationships that are given in the case under discus- 
sion. As to whether the Franklin Hill rock should really be called a hypersthene- 
basalt instead of an hypersthene-andesite the writer will not assume to say, as 
this might well depend on surrounding associations with which he is not suffi- 
ciently familiar. In the absence of a chemical analysis of the fluidal-interstitial 
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tt Rownbusch, Elementoder Gcsteinslchro. Stuttgart, 18^8, p. 309. 

'> A late volcanic eruption in northern California and its peculiar lava: Bull. r. S. Geol. Survey No. 79, 1891, p. 29. 

t'Ongm ol primary quartz in basalt: Am. Jour. S<-i.. 3d series. Vol. XXXVI, 1888, p. 220. 
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basalts of Crater Lake it msLX perhaps be assumed that the composition does not 
vary greatly from that of the California rock. Even so, on account of the close 
resemblance to well-defined basaltic types of the same region, and on account of 
the sharp contrast it presents to the andesites of this same region, one may, in the 
opinion of the writer, be justified in calling these rocks basalts. In any case, on 
account of the great variability in the chemical analyses of rocks we are accus- 
tomed to class under the same family name, the structural relationships would 
serve better as a means for determining the rock name than would the chemical 
analysis alone, especially in cases where that anyalysis is not typical. 

PORPHYRITIC-IXTERSTITIAL BASALTS. 

This type ot basalts may be said to contain well-defined and usually abundant 
phenocrysts, always of olivine and generally also of plagioclase, hypersthcne, and 
augite, in a groundmass that bears a more or less close resemblance to the interstitial 
basalts. As a rule, however, the groundmass is inclined to contain more glass and 
the minerals of the second generation have more sharply developed forms than is the 
case with the corresponding minerals that compose the interstitial basalts. 

The lava of Desert Cone, immediately north of Red Cone, may be taken as the 
best example of this type of structure. Red Cone also is composed of basaltic lavas 
that belong to this type, but not entire so, as will appear later. 

The lava of Desert Cone is represented by three specimens — No. 1()7 from the 
north side, near the summit, and Nos. 168 and 169 collected close together about 1 mile 
farther south on the southern slope. All three are very much alike. In the specimen 
from the north side olivine is the only phenocryst; in the two from the southern slope, 
in addition to olivine, plagioclase, in a rather subordinate r61e, occurs as a phenocryst. 

The olivine in these specimens is to be seen in very sharp idiomoi*phic crystals 
and also in crystal fragments. They are particularly well adapted to a study of the 
crystallographic forms and optical properties. At first glance some of the olivine 
crystals, especially the fragments, resemble augite somewhat, the color being a light 
yellowish green. Irrespective of the crystal form, however, one can usually distin- 
guish both the crystals and the fragments by their unusually rough appearing sur- 
face and b\' their high interference colors, also by the absence of well-defined 
cleavages. They usually appear in rectangular or hexagonal shapes. The dominant 
forms are the bi-achydome (021) and a prism. In sections cut parallel to the macro- 
pinacoid this combination gives hexagonal outlines, the angle formed by the trace of 
the brach\'dome being not far from 80°. Such a section also gives a positive bisec- 
trix, with large optical angle (168). 

In No. 160 the olivine phenocrysts have very sharply developed forms and show 
an extensive alteration to iron oxides. This alteration product occurs both as a 
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broad rim and as finely granulated masses scattered throughout the crystal. In the 
very smallest crystals the olivine has been almost completely replaced; in the larger 
ones the unaltered olivine rarely composes more than one-half of the entire bulk and 
genemlly much less than one-half. This iron oxide alteration product consists some- 
times of perfectly black, opaque material, which is presumably magnetite; in other 
cases the grains are slightly transparent and are of a deep red color, suggestive of 
hematite. Still more commonly both magnetite and hematite abound. In spite of 
the sharpness of the crystal forms the olivine phenocrj^sts are frequently penetrated 
by plagioclase laths, thus indicating a verj' basic feldspar. (See fig. L of PI. XIV, 
p. 76.) These penetrating feldspar laths do not occur in the center, but only at the 
margin of the crystals; occasionally, also, one may see an olivine crystal impressing 
its forn) on a plagioclase phenocryst. This, however, is by no means as common 
as the other case. It would seem from this that the feldspars had commenced to 
crystalize out before the olivines had ceased to grow. Possibly they may have 
begun simultaneously with the olivines. 

The only other phenocryst in this basalt is plagioclase, and even this is absent 
from one of the three specimens (1()7). It is by no means conspicuous nor very 
markedly diflferent from the smaller feldspathic laths that make up the greater part 
of the groundmass. The shape is rectangular or long rectangular. The largest 
extinction angles noticed on sections cut perpendicular to the albitic twinning plane 
was 30^ in No. 168 and 29^ in No. 169. This does not indicate so extremely basic a 
feldspar as its relationships to olivine would suggest. Probably if the plagioclase 
phenocrysts were more numerous sections could be found showing larger extinction 
angles. 

The groundmass appears to be nearly holocrystalline. It is composed of well- 
developed plagioclase laths of hardly more than microlitic proportions, augite in 
minute grains, or in both prisms and grains, and abundant magnetite in mostly very 
minute octahedrons and grains. Hematite powder is also abundantly developed in 
the groundmass of No. 169 as well as in the olivine phenocrysts. In addition to the 
above-named minerals hypersthene has been recognized in No. 168. It is entirely 
confined to the groundmass and occurs in. but one generation. It forms very small 
prisms that measure 0.0() millimeter long by 0.01 millimeter wide and that very 
closely resemble similar prisms of augite. They are too small to show.any pleochroism 
and are to be recognized only by their parallel extinctions and lower interference 
colors. In fact, it requires some little familiarity with these rocks before the distinc- 
tion between the pyroxenes can be made. 

In the southwest corner of the area covered by the Crater Lake map, and about 
half a mile south of the road, was collected a specimen of basalt, No. 170, that is 
closely connected with the interstitial basalts. In a groundmass composed of plagio- 
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clase laths, augite, hypersthene, and a little dust-kden glass occur perfectly developed 
comparatively large plagioclase phenocrj^sts that exactly resemble the andesitic 
plagioclases; also an occasional hypersthene, augite, and blood-red olivine crystal. 
The plagioclase is in broad crystals that show rectangular and six-sided outlines and. 
as in the andesites, zonal structure. The interior is crowded with glass inclosures, 
while the margin is free from the same, or else both the interior and the margin are 
clear, while the inclosures are confined to a narrow intermediate zone. One of these 
phenocrysts, cut perpendicular to the brachypinacoid, gave an extinction angle 
of SV. 

The groundmass of this rock, were it free from plagioclase phenocrysts, would 
be identical with the interstitial basalts. The plagioclase laths are the dominant 
mineral, and appear to inclose the angular augite grains as well as the little gla^s 
present in the interstices formed by their intersection. Hypersthene, which occurs 
only very sparingly as a phenocryst, is more abundant in the groundmass, but as it 
is found here only in prismatic crystals and not in grains like the augite, it is properly 
not to be considered as belonging strictly to the groundmass, but rather to the older 
generation of crystals. 

Although this rock presents an entirely diflferent appearance from the basalt 
from Desert Cone, it must still be assigned to the type which has been designated a.** 
porphyritic-interstitial. It is in a way intermediate between the holocrystalline 
interstitial and the andesitic types. 

Quite similar to this rock is No. 171, collected between Crater Peak and Sun 
Creek. 

Still another development of the porphyritic-interstitial type of basalt is to bo 
seen in part of the lava rocks of Red Cone. These are dark-gray, in one case i-ed, 
dense, scoriaceous lavas. The phenocrysts are very inconspicuous, but may be made 
out under the pocket lens. They consist of yellowish to red olivine, yellow to black 
augite, and white plagioclase. 

Under the microscope these appear to be decidedly porphyritic rocks with abun- 
dant and well-defined, though small, phenocrj^sts of olivine, augite, and plagioclase. 
The plagioclase is the most variable of the phenocrysts, as one specimen (172, col- 
lected about 1 mile southwest of the cone) contains almost no phenocrysts of this 
mineral. It occurs in rectangular, broad to narrow, lath-shaped crystals, the smaller 
of which graduate into the plagioclase of the groundmass. The ends of the laths are 
cut squarely off, as by a pinacoid, where the groundmass is distinctly glassy, but, in 
case the latter is more decidedly crystalline, the ends are somewhat frayed. They 
inclose at times a small amount of dusty-looking glass similar to that of the ground- 
mass, but neither in shape nor in the appeamnce or arrangement of the inclosures do 
those plagioclase phenocrysts resemble those of the andesites or of the last-described 
basalt. Extinction angles in symmetrically cut sections, i. e. , in sections perpendic- 
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ular to the bi-achypinacoid, were measured as follows: 27^, 30°, 31°, and 34°. They 
are younger than both olivine and augite. 

Of the pyroxenes augite is the only one of consequence. Of the four specimens 
studied three (174, 175, 172) contained no hypersthene and one (173) contained but 
one individual, which consisted of a roundish grain having a small core of hyper- 
sthene and the outer and larger part augite in parallel position. This growth of 
augite appears to ])e secondary and distinct from the more customarj^ occurrence of 
augite growing around hypersthene crystals. Aside from this one case augite occurs 
in granular fonn, but even so impresses its form upon the plagioclase wherever it 
comes in contact. It is to l>e found both isolated and in nests with olivine. The 
color is usually greenish, but in No. 174 many of the grains have a brownish cast, 
or else they have greenish centers and shade into brown on the outside. It may 
be added that the hand specimen also discloses a few black augite phenocrj'^sts, 
2 to 3 millimeters long, that do not appear in the thin section. 

Olivine is a very abundant constituent. It occurs in well-defined, sometimes in 
very sharply defined crystals, as well as in grains, the latter form being common 
where the olivine forms nests with augite and occasionally with plagioclase. In 
No. 174 this mineral occurs exactly as described for No. 169, one of the specimens 
collected on Desert Cone. It has the same clear-cut forms and has undergone the 
same alteration to hematite. In this case, however, the alteration has progressed 
still further. Not only have we the outer rim of almost opaque hematite, but the 
center of even the largest crystals is so thickly crowded with hematite as to leave 
very little clear olivine visible. (See Fig. Moi PI. XIV (p. 76.) 

The groundmass of these rocks is abundant and mostly very distinct from the 
phenocrysts. It consists essentially of a colorless but dusty glass base that is 
crowded with augite microlites in the form of minute prisms and grains, also micro- 
litic plagioclase laths and sharp magnetite octahedrons. The interstitial structure 
is not clearly brought out, but is produced in part by the plagioclase of the pheno- 
crysts and in part by the plagioclase of the groundmass, there being no well-defined 
distinction between the two. The porphyritic structure, therefore, is much more in 
evidence than is the interstitial, and this rock may be considered in a sense as inter- 
mediate between the porphyritic interstitial and the more distinctly porphyritic 
basalts. It does not, however, Ixjar much resemblance to that type of porphyritic 
basalts that are described as andesitic in these pages. 

The chemical analysis of No. 173 will be found on page 161. 

Two specimens, Nos. 176 and 177, collected about 3 and 4 miles, respectively, 
west of Red Cone, have been placed in this group of porphyritic interstitial basalts, 
although they are decidedly transitional between this group and the interstitial 
basalts proper. The gi eater part of the rock, as seen in thin section, constitutes a 
sort of holocrystalliue groundmass similar to that of the more coarsely grained 
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interstitial basalts. In this groundmass of plagioclase, augitc, and magnetite occur 
some rather sharply defined phenocrysts of olivine, augite, and plagioclase. The 
two last-named phenocrysts occur also in granular form or in nests of grains, and 
grade oflf into the same minerals of the groundmass, so that no sharp line can be 
drawn in either case between the components of the groundmass and the pheno- 
crysts. In the case of olivine, granular forms also occur, but these are always 
distinct from the groundmass in which no olivine occurs. 

The olivine is slightly serpentinized, and is stained in places a deep red. It 
contains inclosures of magnetite. The better formed crystals of augite disclose 
the customary forms, namel}', prism, two pinacoids, and flat terminal pyramids or 
dome faces. It is frequently twinned in double, triple, and multiple twins. The 
twinning plane is the orthopinacoid. It incloses olivine and magnetite, and, to a 
very slight extent, also plagioclase. The plagioclase crystals show more or less 
rectangular, but not very sharply cut, outlines. The period of development almost 
exactly coincides with that of the augite, as these two minerals often impress their 
form on each other. A few crystals contain minute glass inclosures, but usuall3' 
they are free from inclosures, and do not bear any resemblance to the plagioclase 
phenocrysts of the andesites. 

Hypersthene appears to be entirely wanting. 

A very similar basalt. No. 178, from near the road south of Castle Creek, at 
the very edge of the district covered by the map, is also placed in this division. 

ANDESITIC BASALTS. 

In nearly all of the basalts thus far described in these pages the structures 
have been distinctly different from what has been described as characteristic of the 
andesites. To a certain extent this may also be said of the composition. But in 
the rocks here designated as andesitic basalts these differences in structure and 
also in composition to a large extent disappear, so much so that were it not for 
close association with more distinctly basaltic types, some of those here included- 
would certainly be classed with the andesites. In the absence of chemical analyses 
the correctness of these determinations must be taken with some reserve. A 
general statement of the differences noted between the andesitic basalts and the 
andesites will be given at the close of the more detailed description. As compared 
with the foregoing basalts, these may be said to be distinguished, with one or two 
exceptions, by the presence of a hypocrystalline groundmass or of one with an 
evident glass base, as well as by the presence of well-developed phenocrysts of 
plagioclase. 

Four somewhat distinct structural types may be recognized. They are 
designated as types a, b, c, and d. 
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ANDE8ITIC BASALTS, TYPE A. 

This may be studied in three specimens (179, 180, 181) from Crater Peak, 
about 4 miles south of the lake, and in one specimen (182) in the extreme 
southwestern corner of the Crater Lake area. These are black to blackish-gray, 
very fine grained and mostly porous rocks that have, with the exception of No. 182, 
small, but rather conspicuous, plagioclase phenocrysts. The groundmass of these 
rocks consists of a brownish glass base clouded with blac*k dust and very thickly 
crowded with prismatic augite microlites and with minute magnetite octahedrons, 
and containing microlitic ciystals that consist of very long and slender plagioclase 
laths. These laths have straight sides, while the ends are sometimes cut squarely 
off, but are more often somewhat frayed. The}'^ inclose usually small amounts of 
the dusty looking, almost opaque, glass of the groundmass. The inclosures take 
the form of minute specks that are strung together parallel to the longest axis 
of the lath, so as apparently to divide the lath into two or more longitudinal 
sections. The laths are not immerous enough to interlace to any marked extent. 
The occurrence of these slender lath forms is the most distinctive feature of type A. 

The phenocrysti^ are mainly plagioclase crystals which in No. 182 occur in 
broad-shaped laths, and are similar to and grade into the more slender and much 
smaller laths of the groundmass, and disclose almost no inclosures, except an 
occasional bit of brown glass containing crystallizations similar to those of the 
groundmass. The rocks from Crater Peak, however, contain in addition to 
rectangular or broad lath-shaped individuals also larger and stouter crystals that 
exactly resemble the older plagioclase phenocrysts-of the typical andesites. These 
usually have clear margins and clear centers, but between the two have a narrow 
zone that is clouded with brownish glass inclosures. Some of the larger crystals 
also show rounded forms with embayments due to resorption, in which case the 
clouded zone follows the contours of the corroded crystal, being still separated 
from the edge of the crystal by a narrow clear margin. This case is exactly 
identical with what has already been described under the andesites. 

Augite occurs among the phenocrysts in mostly small and inconspicuous and not 
very well-defined crystals, also in grains, and is not very abundant. Hypersthene 
appears to be entirely wanting in one thin section, while in the other three only eight 
individuals altogether were noted. The habit is prismatic, but the form is not dis- 
tinct. Six out of the eight individuals have rims of augite in parallel jwsition. 

Olivine is fairly abundant in small crystals and grains and occurs occasionally 
in better-formed, larger crystals of the ordinary type. In No. 179, however, and to 
a less extent in No. 181, this mineral also occurs in a very unusual form. It is in 
long slender prisms that show squarish cross section. The elongation is parallel to 
the crystallographic axis a and corresponds to the axis of least elasticity. These 
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slender prisms extinguish parallel and exhibit the usual refractive properties of 
olivine. A section cut parallel to the brachypinacoid disclosed a negative bisectrix 
with large optical axial angle, the axial plane being parallel to the elongation. In 
No. 181 one section, cut so as to show squarish cross section, disclosed in convergent 
polarized light a bisectrix with the axial plane in a diagonal direction. This obser- 
vation, coupled with the fact that all squarish sections extinguish in the direction of 
the diagonal, indicates that the prismatic habit is due to the extension of the crystal 
parallel to the a axis and that the form is really the brachydome (021). These 
olivines show a slight- corrosion, and have developed naiTow resorption rims of mag- 
netite. They often contain inclosures of glass that are black and nearly opaque 
with inclosed magnetite grains. Such glass inclosures are often of irregular shape, 
but commonly they are arranged in longish forms stretched parallel to the elonga- 
tion of the crystal. These long inclosures do not extend the whole length of the 
crystal. They are more apt to be in the center of the crystal and, when seen in 
cross section, are square, the sides of the inner black square being parallel to the 
sides of the crystal. This appeamnce is very suggestive of the black squares to l>e 
seen in cross sections of chiastolites. 

ANDESITIC BASALTS, TYPE B. 

This is represented by three specimens collected 2 or 3 miles west and north- 
west of Red Cone. They are distinctly andesitic in appearance, being gray, rather 
compact rocks with numerous but small and inconspicuous plagioclase phenocrysts. 
These mio^ht readilv l>e taken for andesites, but, aside from certain differences in 
structure that alone might not be decisive, their association with distinctly basaltic 
rocks may justify their being classed under the liasalts. 

Under the microscope the groundmass is quite different from type a. One 
specimen (183) is apparently holoiTystalline, one (184) i*ontains a very little, and the 
third (185) quite a perceptible amount of glass. The holocrystalline specimen has a 
groundmass composed of miiuite prismatic crystals of augite, octahedral magnetite, 
and abundant plagioclase. The plagioclase consists in part of distinctly recognizable 
laths, much smaller and less well defined than in type a, also a sort of i-esidual feld- 
spathic paste that does not show distinct form and can not be clearly demonstrated to 
have polysynthetic twinning. It has, however, a more or less undulous extinction, 
and resembles the feldspathic residual paste of some of the andesites. In the more 
glassy variety the augite is not so abundant, and the plagioi'lase appears clouded and 
indistinct because of the dusty-looking glass that impregnates the whole, but still 
can not bt^ plainly rei^i^gniziHl. 

PheiKXTvsts aiv abundant and well formed. They are plagioclase, hypersthene, 
augite, and, in the oise of Xo. 183, olivine. The plagioclase is characteristically ande- 
sitic in ty|x*, showing zonal structuix^ and containing inclosures of hypersthene. 
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magnetite, and glass in its accustomed distribution. Hyperathene and augite are 
in sharply defined crystals, except where they occur in nests, which is commonly 
the case. They have the color and pleochroism common to these minerals in the 
andesites. They both contain inclosures of colorless glass with air cavities, also of 
magnetite. Parallel growths of augite around hypersthene allies two of these (184 
and 185) to the basalts. The olivine of No. 183 is not abundant. It occurs mostly 
in grains and in rounded forms with magnetite rims. Magnetite occurs in the cus- 
tomarv octahedral crvstals. 

ANDESmC BASALTS, TYPE C. 

This is, perhaps, the least andesitic in appeai'ancc and the least deserving of 
being classified as a distinct type of all the basalts of this region. The two speci- 
mens that belong here (180 and 187) were collected from the basaltic rocks in the 
extreme southwestern part of the mapped area, about 1 mile from No. 182. As 
these two specimens bear a closer resemblance to this rock, perhaps, than to any 
othei one, they may be looked upon as a facial development of No. 182. These are 
blackish-gray, ver}' dense rocks with a basaltic rather than andesitic appearance, 
being apparently free from phenocrysts. In thin section, however, they are seen to 
contain luimerous but small phenocrysts of plagioclase with broad lath-form, sugges- 
tive of a basaltic rather than an andesitic type. In addition to these there are only 
a few olivine and augite (but no hypersthene) phenocrysts in roughly idiomorphic 
or in graiuilar form. The groundmass consists of a f eidspathic paste thickly crowded 
with roundish, roughly prismatic or irregular augite grains, and with magnetite. 
Glass appears to be wholly wanting. 

ANDESITIC BASALTS, TYPE D. 

This type is preeminenth^ andesitic, either through the development of pla- 
gioclase phenocrysts or through the presence of an abundant glassy base. The 
rocks here represented are confined to the lava flows to the northwest of the 
lake. Nos. 188 and 189 come from the eastern slope of the second summit north 
of Desert Cone, No. 190 comes from the summit of the first hill north of Desert 
Cope, and No. 191 about half a mile south of this same summit and not far from 
the saddle between that hill and Desert Cone. Nos. 192, 193, and 194 were collected 
at, or not far from, the summit of Bald Crater, and Nos. 195 and 196 from the nearly 
flat region west of Red Cone. 

These basalts are dark to black, dense and partly vesicular rocks with a more 
liberal development of minute feldspar phenocrysts than is the case with most 
of the other andesitic basalts. In spite, however, of the distinctly andesitic type, 
these rocks when examined under the microscope are seen to be almost entirely 
free from the larger, stout plagioclase phenocrysts that are so characteristic a 
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feature in most of the andesites, and that may also be seen occasionally in some 
of the above-described basalts. Certainly they are free from all resorption phe- 
nomena and from the intermediate clouded zone characteristic of the larger 
plagioclase phenoi*rysts of Nos. 179, 180, and 181 of type a. In form they are usually 
rectangular or broad lath shaped, and they varj' in size from one-half millimeter 
or even one millimeter down to the microscopic dimensions of the groundmass 
laths. There is. in fact, no sharp line to be drawn between the plagioclases of 
the groundmass and of the phenocrysts. They vary greatly in the character 
and amount of inclosure^. At times the centers are thickly crowded with irreg- 
ular glass inclusions; at times these glass inclusions are scattered or even altogether 
missing. Lt\ss commonly one may note inclusions of hypersthene or of augite. 

While plagioclase is by far the most abundant phenocryst, the pyroxenes 
are also abundant. These are usually well developed, especially in No. 196, and have 
the customary properties aln?ady frecjuently described. With the exception of 
the three s^x^cimens from fteld Crater (192, 193, 194) both augite and hypersthene 
are present. In these three specimens hypersthene could not be found. On the 
other hand, olivine, as is usually the case when hypersthene is absent or scarce, 
is much more abundant than is the case with the other basalts of type d. The 
pyroxenes, however, fluctuate greatly in amount and in definition. In Nos. 188, 189, 
190, and 191 hypersthene is the more abundant, the augite being almost confined 
to the groundmass. Olivine is never entirely wanting, but it is conspicuous only 
in the three rocks just referred to. In these it is not always easy to distinguish 
between the olivine and the very light green augite, as the color is almost alike 
in the two. This ditticulty is greater in sections of olivine that are cut nearly 
perpendicular to one of the bisectrices, as in this case the interference colors are 
no higher than in augite. The most conspicuous form developed is the brachy- 
dome (021), in addition to which there occui-s either a prism or a pinacoid. One 
section cut perpendicular to this brachydome gave in the center of the field a 
positive bisectrix with large optical axial angle. The trace of the sides measured 
82^, which is about one degree larger than is given for the angle of the brachy- 
dome (021). 

The groundmass of these l)a8alts contains not a little glass which is either 
brown or is colorless, but rendered brown by the presence of dust-like globulitic 
material. This brownish glass is thickly crowded with minute augite prisms and, 
to a much less extent, witli magnetite and with plagioclase microlites, the last 
named being, in fact, almost absent from the liald Crater basalt. 
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CHEMICAL ANALYSES OF BASALTS. 

The following analysi's were made in tin* Tnitcd Statrs (ieoloofical Survey 
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CONCLUDING REMARKS ON BASALTS. 

At the time these rocks were studied no analysis of the andesitic types of basalts 
had been made, and the rot'ks were named in accordance with their structural 
features. In individual cases the resemblance of these andesitic basalts of type 
i> could not well be distinguished from certain of the ('mter I^kc andesites. Tt 
was only hy taking all the specimens collected from a particular volcanic center 
that the real differences could l)e nmde to appear. The surmise that these rocks 
are nearly if not quite the equivalent of the andesites is borne out by an analysis 
made later and found on i^age 161. This rock, No. 189, comes from the lava flow 
northwest of the Pumice Desert on the extreme northern edge of the area mapped. 
The analysis is not far different from the avemge anal\^sis of the Crater Lake 
andesites. It is very closely similar to th(» analysis of th<vandesite No. 31, given 
on page 94. 

From a compirison of these analyses it is evid(»nt that chemically there is no 
marked distinction between this andesitic basalt and some of the rocks that mav be 
considered as true andesites. 

If this individual rock sample could well l)e considered apart from the 
immediately surrounding rocks it should l>e designated as an andesite. but the 
prejwnde rating evidence seems to point to the general rock mass from which this 
was taken being a basalt. 

The features that distinguish these rocks from the andesites are, first, the 
abundance of olivine which, though very fluctuating, is a nearly constant ingredient, 
supplanting in whole or in part hypersthene; second, the frequent disappearance 
of the hypersthene: third, th(^ n»latively greater abundance of augite both among 
the phenocrysts and in the groundmass and, in the latter <»ase, their greiiter size and 
less distinctly microlitic form; fourth, the comparative scarcity of a glassy base; 
fifth, the greater abundance of magnetite. 

The basalts of C-rater Lake of all tN'pes are, like the andesites and dacites, 
almost completelv unaltered. With the exception of olivine, the ingredients are 
apparently as fresh as when first formed. The only forms of alteration in the 
olivine as far as noted are the partial serpentinization and the development of. 
magnetite and hematite. The development of the homogeneous pseudomorphs 
after olivine, described by Iddings from somewhat similar rocks in the Eureka 
district, Nevada,'' and named iddingsite by I^wson,* have not here Ix5en noticed. 

The hypersthene-bearing basalts of the Kureka district, Nevada, which have 
been described b}'^ Mr. Iddings in the monogniph just above quoted, appear from 

aGeoloKV of the Eureka distriet: Mon. V. S. (ieol. Survey, Vol. XX, 1892, p. 387. 
ft Bull. Dept. Geol. Univ. Califoniia. Vol. I, pp. 31-36. 
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Mr. Iddings's description to be closely I'elated to the basaltn of Crater Lake, 
more especially, however, to the andesitic basalts, except that the Eureka district 
basalts are much less feldspathic. Not only is the general character of the 
groundmass the same, but also the pyroxene^s and the fluctuating olivine that 
comes in with the disappearance of hypersthene. Furthermore may be noted the 
relationship of the generally older hypersthene to the younger augite and the 
parallel growths of augite around hypersthene phenocrysts, which is an almpst 
universal occurrence in the Crater I^ako basalts of all types. Comparison may 
also be made with the quartz- bearing basalt of Cinder Cone, north of Lassen 
Peak, in northern California, descriljed by Mr. Diller in a paper on A Late Vol- 
canic Eruption in Northern California and its Peculiar Lava." With the excep- 
tion of ((uartz, the resemblance is quite close. More especially may be mentioned 
the magnetite rims around the olivine crystals and the plagioclase phenocrysts 
with their freciuently corroded fonns and glass inclusions, as well as the develop- 
ment of the monoclinic and orthorhombic pyroxenes. 

« Bull. U. S. Gool. Simey No. 79, 1891. 
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